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ATYPICAL PERNICIOUS ANEMIA OF YOUNG ADULTS 

By Steven 0. Scbtwartz, M.D. 

AND 

Helen Legere 

CHICAGO, ILLINOIS 

(From the Department of Medicine, Cook County Hospital) 

In spite of its relative infrequency, pernicious anemia has received 
an unusual amount of attention in the past 15 years. This is due 
primarily to the discovery of the specificity of liver therapy in this 
disease.^^ To the description of the disease little has been added since 
Addison’s classic presentation in 1855,^ and though the concept of 
etiology, therapy and prognosis has been revolutionized, recognition 
of the disease still depends on the typical history and physical findings, 
substantiated by the characteristic changes of the blood. When typical, 
pernicious anemia is one of the most easily diagnosed diseases, in 
part because of the common anthropologic characteristics shared by 
the great majority of patients. Few diseases, indeed, can so readily 
be “spotted,” since to the classic triad of gray hair, blue eyes and 
“lemon-yellow” pallor are added the round, “neutral” facies, the 
icterus of the scler®, the smooth tongue, the short chest, long abdomen 
and spade-like hands. In addition, it is usually a disease of light- 
skinned, fair-haired people and occurs most commonly past the third 
decade. However, because of the typicalness of the great majority of 
cases, the atypical ones tend, onty too often, to misguide us. 

We have recentty observed a group of cases which, though fulfilling 
the diagnostic criteria of achylia gastrica, typical blood and bone- 
marrow changes, and the specific clinical and hematologic response 
to liver therapy, ne^'^ertheless differed sufficiently in detail to cause 
diagnostic difficulties. This series, consisting of 9 women, 5 of whom 
were colored, all under 35 years of age, was characterized by illness of 
variable duration, weight loss, fever, jaundice, anemia, heart murmurs, 
and hepatomegaly or splenomegaly or both. In none of the cases was 
the diagnosis of pernicious anemia made until several otj^er diseases 
had been considered and ruled out. 

Illustrative Cases. Case 3. Age 29, colored female. This patient became 
acutel}’’ ill with sjTnptoms of d}'spnea, palpitation, weakness, faintness, ankle 
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edema and epistaxes. Examination showed asthenia, pallor, icterus of the 
sclerse, a precordial sj’stolic tlirill, and a systolic murmur heard best over the 
mitral area and the base of the heart. There was moderate enlargement of the 
spleen and liver. The temperature was 104.2° F., pulse 124, respirations 28, 
blood pressure 140/60. 

The diagnosis of rheumatic heart disease wdth mitral and aortic involve- 
ments and a superimposed subacute bacterial endocarditis was made. 

Laboratorj^ findings showed a severe anemia, red cells in the nrinaiy^ sedi- 
ment, a negative ICahn test, a negative blood culture, and an icterus index of 
6.0. Roentgen-ray of the chest showed the heart somewhat enlarged and the 
hilar markings of the lung considerablj" increased. ECG showed a tacbj^ardia, 
right ventricular preponderance, an isoelectric T^ and a biphasic T-. 

Because of the severe anemia, liver and iron therapy were given empiricall 3 \ 
Within a few daj's the fever subsided and marked subjective improvement 
was noted. Concurrently the anemia improved and in 4 weeks the patient was 
well enough to be discharged. 

She was well for 6 months, then became weak and began to vormt. On 
reexamination the findings were as before, except that the spleen was no longer 
palpable. Because of the relatively’' long remission the diagnosis of subacute 
bacterial endocarditis was placed in question and new hematologic studies 
Avere undertaken. The blood findings at this time were tyq^ical of pernicious 
anemia (Table 1). Subsequently^ the story was elicited that the tongue was 
‘‘sensitive,” and “tingling” had been noted in the fingers. On gastroscopic 
examination an atrophic gastritis was found. 

This patient made an uneventful recovery on liver therapy* and has been 
adequately’' maintained on small amounts of liver. 

Case 4. Age 29, white female. This patient developed the synuptoms of 
palpitation, dyspnea, ankle edema, backache, abdominal pain, and vomiting. 
Examination showed pallor, decay’^ed teeth, coated tongue, moderate cardiac 
enlargement both to the right and left, a presystolic thrill and sy’stolic and 
presy^stolic murmurs heard over the apex and transmitted to the axilla. The 
edge of the spleen was palpable 8 cm. below the costal margin. 


Table 1.— Summaby ok the IxmAL Bloob Fixdixgs at Vabious Pebiods. 
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♦ After transfusion. 

Hemoglobin % — Sabli. 15.6 gm, — 100%. 


The diagnoses of mitral stenosis, regurgitation and sepsis lenta were made. 
The bone marrow was reported as shoving no eiidence of pernicious anemia. 

The laboratory findings showed a profound byq)ochromic anemia (Table 1), 
achylia gastrica, a “doubtful” I£ahn test, stools which were negative for 

* Most of the liver injections were given in the prestandardization era and much of 
the liver used was experimental in character. It has only been since the last of 1939 
that the exact unitage was ascertainable. Since that time we have been working with 
liver containing approximately 7 to 10 units per cc. furnished by Dr. Da-vdd Klein of 
the Wilson Laboratories. 
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occult blood, negative blood cultures, and a normal icterus index. Roentgen 
ray of the chest showed the heart to be moderately enlarged and the hilar 
markings increased. Fluoroscopy of the duodenum revealed a peptic ulcer. 
The ECG was essentially normal. 

Liver, iron, and a transfusion of 500 cc. of blood were given empirically. 
There was gradual improvement and a month later the patient was discharged. 

She was well for a year and then again started to vomit. Dyspnea, weakness, 
pallor, fever, palpitation, heart consciousness and precordial pain were now 
all quite marked. _ Edema of the feet, poor appetite, and weight loss were also 
noted. At this time a stoiy of “growing pains” without definite history of 
rheumatism was elicited. There were “ sticky ” feelings in the fingers. Examina- 
tion showed pallor, an icteric tint of the skin and sclerse, the evidences of 
weight loss, graying hair, bleeding gums, a pale but othenvise normal tongue. 
The heart was moderately enlarged to the left and a systolic murmur was 
heard at the apex. The edges of both the liver and spleen were palpated 8 cm. 
below their respective costal margins. The liver edge was tender. There was 
pitting edema over the sacrum and legs. No abnormality of the reflexes was 
noted. The diagnosis of subacute bacterial endocarditis was again made and 
blood transfusions were given. Severe epistaxes followed and at times the 
patient was irrational. The temperature was septic in character and the 
patient’s condition became critical. Eight days after admission the signs of 
mitral and aortic lesions were noted and petachise were found. After the 
fourth transfusion she began to improve, became afebrile, and was discharged. 


TEMP, t; 



Fia. 1. — Willa Mae W. Showing febrile course and reticulocyte response during 

hospital stay. 

Other findings at this time were: a negative Kahn test, normal hypotonic 
fragility of the red cells, an icterus index of 18, evidence of “mild m 3 ’’ocardiaI 
damage” in the ECG, an increased cardio-thoracic ratio and infiltrative changes 
in the lower two-thirds of the lungs in the Roentgen ray. 

The patient was followed in the cardiac clinic. Because of the recurrence of 
fever, weakness and gnawing pains in the left side of the abdomen, she was 
readmitted to the hospital 3 months later. Her menstrual periods had now 
become more profuse and large clots were passed. Epistaxes recurred. The 
anldes were swollen, the skin and mucous membranes slightl}’- jaundiced, the 
heart was enlarged and a systolic thrill was felt at the apex. The spleen was 
still readily palpable and quite hard. Because of the protracted course, repea^ 
edly negative blood cultures and the finding of glands in the axillae at this 
time, Hodgkin’s disease was added to the diagnostic possibilities. Bone- 
marrow biopsy was again performed and the marrow was found to be hijpo- 
plaslic; the white cells outnumbered the nucleated reds 3 to 1; many very 
primitive red cells were found and the red cell development appeared megalo- 
blastic. Maturation of the white cells also appeared abnormal. Because of the 
megaloblastic maturation of the red cells and the atjqjical nature of the white 
cells a “liver extract deficiency” was suggested. Intramuscular liver therapj* 
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was begun and the patient recovered without any additional therapy. The 
temperature, which had been as high as 104° F. on admission, subsided fol- 
lowing the administration of liver. An axillarj' Ijnnph node removed for biop^' 
showed non-specific hyperplasia. The liver and spleen gradually diminished 
in size and the heart murmurs disappeared. 



Fig. 2. — Sadie C. Showing specific response to liver therapy with subsequent develop- 
ment of "iron deficiency/' 



Fig. 3. — Christine P. ShoAving therapeutically induced remissions and spontaneous 

relapse. 


Since leaving the hospital her course has been uneventful and she has been 
very well maintained on small amounts of parenteral liver extract for years. 

Case §. Age 17, white female. In this patient, the symptoms of edema of 
the legs, weakness, anorexia, dj^spnea, facial edema, and occasional precordial 
pain^5 developed acutely, Examinatioil'showed an acutely ill girl vith marked 
pallor, fever of 103.6® F., pulse of 126, edema of the face, puffy eyelids, and 
pale conjunctiva. There was moderate enlargement of the heart to both right 
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and left, with systolic and mid-diastolic murmurs and the suggestion of a thrill 
over the apex. The liver was palpable 4 cm. below the costal margin. There 
was pitting edema of the ankles. The spleen was not palpable on admission 
but 2 days later was reported enlarged to percussion and 2 weeks later it 
became palpable. 

Diagnoses considered were: (1) acute rheumatic fever, (2) subacute glomeru- 
lonephritis, (3) aplastic anemia, (4) hemolytic anemia, (5) aleukemic leukemia, 
and (6) primary “splenic anemia.” 

The laboratory data showed a severe macrocjdic anemia (Table 1), and 
achylia gastrica. The sternal marrow was hypocelMar. Red cell maturation 
was normoblastic in type and the white cells appeared to be essentially normal. 
Gastroscopy showed an extensive atrophic gastritis. 

Blood transfusions, liver extract, iron and dilute hydrochloric acid were 
given. She gradually improved (Fig. 3) and was discharged in 6 weeks. 

In the out-patient clinic the course was progressively downhill. In 6 months 
the picture had changed considerably. At this time in addition to the weakness 
there was moderate jaundice, a smooth tongue, pallor, slight icterus of the 
sclerse and the liver was still 4 cm. below the costal margin though the spleen 
could no longer be palpated. The changes in the blood were at this time char- 
acteristic of pernicious anemia. The marrow was now typical of pernicious 
anemia in relapse. On intramuscular liver therapy she recovered uneventfull}'^ 
(Fig. 3). 

Since her discharge from the hospital 3 years ago she has been well main- 
tained on parenteral liver therapy excepting when, because of irregularity of 
attendance, slight relapses have occurred. 

Table 2. — Summary of History and Physical Findings 


Cases: 

1 


3 

4 

5 

6 

7 

8 

1 ^ 

Age (yrs.) . . . 

29 

31 

29 

29 

30 

26 

25 

17 


Color .... 

Colored 

White 

Colored 

White 

Colored 



White 

Colored 

Duration . . 





3 wks. 

1 yr. 

1 yr. 

1 wk. 


Illness .... 

1 

Acute 

1 Chronic 



Acute 

Chronic 

Chronic 

Acute 


Nourishment . . 

Adcq. 

i Adcq. 

? 

Poor 1 


Adcq. 



Adcq. 

Weight loss . . 

19 lbs. 

18 Ibs.- 
lyr. 

8-10 Ibs.- 
lyr. 

Marked 

7 

? 

25 Ib.*^.- 
8 mos. 

? 

9 lbs. 

Weight gain after 
therapy . . . 

40 lbs. in 
6 mos. 

26 lbs. in 

6 mos. 

19 lbs. in 
6 mos. 

? 


17 lbs. in 
S mos. 

27 lbs. in i 
5 mos. j 

7 

30 lbs. in 

6 mos. 

Highest ftrv'er . . 

104.4 °F. 

99.6° F. 

104.2° F. 

104° F. 

102.6° r. 




103.5° F. 

Pallor .... 

Present 

1 

Present 

Present 

Present 

! Pre.scnt 

1 

1 Present 

i 

Pre.^^ent 

Present 

? 

Icterus .... 

Present 

' Present 

Present 

Present 

Present 

Present 

Present 

Present 

? 

Tongue . . . 

? 

“Mod. 

atroph.” 

“Not 

smooth” 

“Coated” 

“Smooth” 

“Sides 

smooth” 

“Smooth” 

9 

7 


Syst. 

Presj'st. 

Diast. 

Syst. 


S3^t. 

P^esyst. 

Diast. 

Sj^st. 

Syst. 

Sj-st. 

Si-st, ! 0 

Mid-diast. | 

Liver (c.xtcnsion 
below costal mar- 
gin 



4 cm. 

8 cm. 





Spleen .... 

Palpable 

Palpable 

Palpable 

S cm. 

Not 1 
palpable j 

Palpnblc ! 

1 

1 

Palpable j 

i 

Palpable ! Not 
! palpable 
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Discussion. The laboratory and other data are analyzed in Tables 
1 and 2. In every case presented the diagnosis of pernicious anemia 
was finally definitely established.* Macrocytic anemia, complete 
achlorhydria and a specific, favorable response to liver therapy was 
demonstrated at some time in all patients. When examined, the bone- 
marrow was megaloblastic® with the exceptions noted above, and the 
stomach showed atrophic gastritis.-^ Typical relapses occurred in 
6 of the patients when liver therapy was withheld —the shortest time 
between relapses being 2| months, the longest 15 months.®^ The 
manifestations of the disease differed sufficiently from those of typical 
pernicious anemia to cause diagnostic difficulties. The most significant 
differences were: the occurrence in a younger age group, the frequency 
in negroes, the apparent acuteness of the onset, the misleading promi- 
nence of cardiac symptoms, the febrile course so strongly suggestive 
of infection and the marked paucity of neurologic complaints. It thus 
appears that the disease tends to be more severe in the younger age 
groups. This is substantiated by the relatively short periods between 
relapses. Yet the maintenance of these patients at adequate blood and 
clinical levels requires no more liver than that required by patients 
in the older age groups and in essentially the same economic strata.-’’ 
It is possible that these patients will in time require more liver than 
those developing the disease late in life. 

A striking feature of this stud3' was the frequencj^ with which the 
diagnosis of rheumatic fever and/or rheumatic heart disease was made. 
This happened in 7 of the 9 cases, and in 5 of these the diagnosis of 
subacute bacterial endocarditis was made in addition. ]\Iost of the 
findings of the latter condition were present and onlj' the positive 
blood cultures were lacking to substantiate the diagnosis. This intro- 
duces the interesting question of how manj' of the “cured” or "recov- 
ered ” cases of subacute bacterial endocarditis recorded in the literature 
and which were treated with transfusions and liver extract were in 
reality cases such as here reported. 

We wish to emphasize the necessity of: (1) considering pernicious 
anemia in the differential diagnosis of anj' case presenting anemia, 
regardless of age or color, if the anemia is of a degree more marked 
than can readily be explained; and (2) the importance of making an 
etiologic diagnosis before treatment is begun. 

Differential Diagnosis. “Secondarj^ anemia” was diagnosed in 
6 of the 9 cases. We wish to emphasize the lack of value of this term 
which throws no nosologic, etiologic, prognostic or therapeutic light 
on the underlying condition. 

Rheumatic fever, with or without rheumatic carditis, was diagnosed 
in 8 of the 9 cases and in 5 of these a superimposed subacute bacterial 
endocarditis was postulated. These diagnoses were based on the his- 
tbry of joint pains, fever, precordial distress or palpitation with dj^spnea 
and edema, heart murmurs, splenomegaty, anemia and occasional 
petechiffi. It is striking, in revieivung the records, how well simulated 

* With the changing values of diagnostic criteria in the group of macrocytic anemias 
the diagnosis of pernicious anemia might be questioned in some of the cases, on the 
basis of the evidence presented. In any case they cast valuable light on such atypical 
cases. — Editor 
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these diseases were, and even in retrospect it is not at all surprising 
that these diagnoses should have been seriously entertained. 

Sickle cell anemia and hemolytic anemia was diagnosed in 7 of the 
9 cases, the former in 4 of 5 colored patients, the latter in 3 of the 4 
white and 1 of the colored women. Basis for these diagnoses was the 
anemia, the jaundice and the splenomegaly. However, in no case was 
sickling of the cells, spherocytosis, increased hypotonic fragility, or 
evidences of active regeneration (reticulocytosis without therapy, 
leukocytosis, etc.) demonstrable. The differential diagnosis between 
pernicious anemia and acute hemolytic anemia may at times however 
be difficult, as Dameshek and Schwartz®® have already pointed out in 
a previous publication. 

Aleukemic leukemia was the other diagnosis most frequentlj^ enter- 
tained and had in its favor the profound anemia, the leukopenia often 
with immature white cells and not infrequent nucleated red cells, the 
fever, the spleno- and hepatomegaly, the not infrequent nasal or 
vaginal bleedings and the severity and acuteness of the illness. 

Syimptoms. The most prominent symptoms were dyspnea (in 7), 
toeakness and tiredness (in 6), palpitation, edema and vomiting (in 5). 
The first 4 of these are the symptoms most frequently associated with 
pernicious anemia in relapse. Cabot** in his review of 1200 cases found 
dyspnea to have been present in 800 of 915, weakness and tiredness in 
1101 of 1139, palpitation in “almost every case” and edema in 330 of 
572 cases. The incidence of other complaints roughly parallels the 
findings of Cabot and others,®® as well as our own experience with 
typical cases of pernicious anemia. The symptoms referable to the 
anemia and secondarily to the cardiovascular system are most promi- 
nent, while the gastro-intestinal symptoms are of secondary importance 
and the neurologic complaints are the mildest. 

The onset of the illness was acute in 4 and insidious in 5 of our cases, 
and though prodromal symptoms of failing health, weakness and pallor 
had been present in most for varying periods of time, the disease was 
thought to be of less than 1 month’s duration in 3 and of 8 months to 
a year in 3 others. The onset was acute in only 28 of Cabot’s 1200 
cases,^ and it would seem from the reports in the literature®-®^ that 
“acute” cases of pernicious anemia are more common in those patients 
in whom the disease manifests itself early in life. 

All the patients lost weight.*** In the 5 who knew the amount of 
weight lost this varied from 9 pounds (in 1 month), to 25 pounds (in 
8 months). After the institution of therapy the weight curve was 
followed in 7 of the cases. All patients gained weight, and these varied 
from a minimum of 17 pounds (in 8 months) to a maximum of 40 
pounds (in 6 months) (Table 2). 

Incidence. The oldest patient in the group was 35, the youngest 
17, while the other 7 were between 25 and 31. This differs markedly 
from the usually accepted occurrence in patients “beyond the third 
decade,” though in reports of large series it is found that the disease 
occurs before the fourth decade in from 3% to I5%4.n,i9.25.30 Qf ^he 
patients. At our hospital 11% of the cases are found in patients under 
40, and about 5% under 35 years.*® Isolated reports of pernicious 
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anemia in youth are not too infrequent--®-^® and it has even been 
reported in a 13-month old infant.^® In spite of this we have been 
able to find only 1 case®^ in the literature which was similar to ours 
in detail and that was originally mis-diagnosed “sub-leukemic myelosis” 
by a very competent observer (the late Dr. R. H. Jaft'ee). That all 
our cases should have occurred in women was probably a coincidence, 
though it is conceivable that the added strain of pregnancies and 
menstruation will make a latent or mild pernicious anemia manifest 
Itself earlier than it would othem’ise. 

The ratio of 5 negroes to 4 whites is out of all proportion to the inci- 
dence of the disease as seen at our hospital’® where only approximately 
8% of the patients with pernicious anemia are negroes. We do not 
know why there should be so striking a discrepancy. Neither the factors 
of diet nor blood loss varied sufficiently to explain the disproportion. 

Physical Findings. Fever was present in all our cases and in only 
1 case was the peak below 100 ° F. Nothing, other than the anemia, was 
found to account for the fever in any 1 of the patients and in every 
case there was a subsidence of the fever after liver therapy was begun. 
Some elevation of the temperature is seen in almost every case of 
pernicious anemia in relapse, but the high fever as seen in these cases 
(Table 2 and Fig. 1) is relatively uncommon. According to Sherwood 
and Humphrey®® Biermer was the first to comment on the occurrence 
of fever in pernicious anemia and much has been written on the sub- 
ject since. In Cabot’s series fever was a presenting complaint in only 
.3 of 1200 cases but was noted to be present in 475 of 091 cases. Fowler® 
found a temperature rise to from 102.4° F. to 100° F. in S of 200 cases 
at the time of the reticidocyte crisis. In these the fe^'er subsided with 
the diminishing reticulocyte count and its height was unrelated to the 
original blood level. 

Pallor and jaundice were prominent in almost every case and were 
usually noted by the patient as well as by the examiner. The degree 
of icterus varied considerably and was not demonstrably related to the 
severity of anemia. 

Of the 0 cases in which note was made of the tongue, 4 were smooth, 

1 was imcoated but not smooth, and 1 was coated. This represents an 
extraordinary finding since it is generally accepted that a coated tongue 
is very unusual in pernicious anemia.®’ 

Systolic murmurs over the apex were heard in every case, presystolie 
murmurs in 3, diastolic murmurs in 2, and a mid-rliastolic murmur in 1. 
Since the murmurs all disappeared following improvement in the blood 
it may be assumed that these were hemic murmurs and that no organic 
valvular changes were responsible. 

Though tile liver was palpable to from 1 to S cm. below the costal 
margin in t» of the eases, only 1 patient .showed tenderne.ss over tlic 
liver area. Splenic enlargement of sufficient magnitude to make palpa- 
tion possible was present in 7 cases and in 1 case the spleen c.xtendcd 
to 8 cm. below the costa! margin. Both the liver and .spleen rccedcfl 
in size following the administration of liver therapy. This high incificncc 
of splenomegaly differs from the usually found 2()9c as reported by 
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Cabot (290 of 1045 cases) and others,^ and is much higher than that 
encountered by ourselves (5% to 10%). 

Demonstrable edema was present in 5 cases. Occurring in about 
one-half the patients, this fits in well with the expected incidence and 
depends probably on the anemia and moderate heart failure for its 
appearance. Hypoprothrombinemia may be a contributing factor. 

Only one patient showed significantly altered reflex changes. She 
had a positive Oppenheim’s sign and positive ankle and patellar clonus. 
The others showed little neurologic changes excepting for occasional 
increase in deep reflexes. Vibration and position sensations were found 
intact whenever examined. This is unusual and bears emphasis since 
disturbed vibration sensation is a positive finding in about 90% to 
95% of older patients with pernicious anemia. 

Response to Therapy. The response to the intramuscular admin- 
istration of liver extract was in every case favorable. There was, as is 
typical of pernicious anemia, a reticulocytosis which in every case 
approximated or even exceeded the mathematically expected “peak” 
in from 5 to 9 days.®’^^ The red cell and hemoglobin response were also 
quite characteristic.^® But even more striking than the improvement 
of the blood was the improvement in the general condition.®® These 
people— acutely ill on admission in manj'^ cases, weak, pale, feverish, 
and often unwell for many months— suddenlj'^ recovered their sense of 
well-being. Almost overnight their appetite returned, fever subsided 
and in a few days they were out of bed feeling better than they had 
for many months. 

Transfusions, if adequate in quantity, wrought the same changes as 
liver but to a much less striking degree and for a much shorter time; 
and although they may have been of benefit in tiding the patients o\'er 
the first few crucial days their lasting value was certainly slight. 

Although both iron and dilute hydrochloric acid were used as adju- 
vants in the treatment of several of the cases, we feel that unless 
specifically indicated {i. e., for iron deficiency or gastro-intestinal 
symptoms of certain types) these drugs do not in any way alter the 
course of the disease. 

Blood. Records of the blood findings before the initiation of 
therapy are available for 12 of the 14 admissions, each one represehting 
a relapse in the course of the disease. For the most part the hematologic 
findings were typical and showed the characteristic anemia with the 
classical red cell changes, the leukopenia®® with the granuloc.^-topenia, 
the “right shift,” and the multilobed macropolycytes^® of the neutro- 
philic series, the occasional presence of nucleated red cells, and the 
characteristic reticulocyte response to liver therapy.®-*® *® 

The highest white cell count was 7150 while the lowest was 2.300 
per c.mm. The total white cells averaged 5100, with an absolute 
granulocytopenia in every case. The highest relative neutrophile 
count was 73% (of 5600 W.B.C.) and this occurred in a patient with 
a 2.94 million red count and severe bleeding. 

In half the cases the number of reticulocytes reached or exceeded 
the mathematically expected maximal peaks,*® while in the other half 
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the peaks fell below expectations. (Of interest is the fact that while 
the average expected maximal response was only 31%, the actual 
average was slightly over this, being 33%.) 

The color index varied most significantly from the typical finding in 
pernicious anemia. In only 5 of the relapses was the color index sig- 
nificantly over 1.0, in 4 it was 1.0; and in 3 it was from 0.6 to 0.8 
(Table 1). In all but 2 who had such low color indices there was a 
history of prolonged blood loss, either nasal or vaginal or both, and 
none of those who had such bleeding showed a color index of over 1.0. 
Of further interest is the fact that tlie 2, who in their first relapse showed 
low color indices, when later readmitted, no longer showed this, having 
in the interval received supplemental iron therapy. 

Although an occasional case of pernicious anemia is seen with a low 
color index these cases are admittedly rare. When one considers the 
achlorhydria and the bizarre dietary history of many patients with 
pernicious anemia, it is surprising that frank iron deficiency is so rare. 
This is at times more apparent than real and iron deficiency frequently 
develops during the improvement of the blood following a remission 
induced by liver. It is not infrequent to find it necessary to supplement 
the liver therapy with iron when the red cell count reaches 34 to 4 
million and the hemoglobin remains at 60% to 70% (Fig. 2). Of 
course we deal here with a group differing in one very significant 
particular from the usual. These patients were all young women in the 
child-bearing, menstruating period of life and were subject to this 
added strain on their iron depots. There is little question tliat our 
concept of the blood in pernicious anemia would need revising if more 
of our patients fell into this age group. 

Summary and Conclusions. Nine cases diagnosed by us as atj-pical 
pernicious anemia occurring in 4 white and 5 colored %vomen,alI under 
3.5 years of age, are reported. 

The similarities and dissimilarities between “textbook” cases of 
pernicious anemia and the presented cases are discussed. 

The atypical manifestations of the disease especially as regards the 
youth of the patients, the sjTnptoms and the frequent occurrence of 
high fever are stressed. The striking similarity of most of the cases 
to subacute bacterial endocarditis is demonstrated. 

The presence of atypical blood findings due to bleeding and the con- 
comitant development of iron deficiency is pointed out. 

The necessity of including pernicious anemia in the differential 
diagnosis of severe anemias regardle.=;s of the age of the patient is 
cmpliasizcri. 
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DYNAMICS OF AIR-BORNE INFECTION 

By W. F. Wells 

and 

M. W. Wells, M.D. 

laboratories for the study of air-borne infection,’^ university of Pennsylvania 
school of medicine, Philadelphia, pa. 

In the attempt to explain epidemics by the law of mass action the 
parasitic communication between host and victim has often been 
likened to the contact which is assumed to exist between reacting 
molecules.^"’'*''^-®'® Now, while contact isan elemental concept in chemical 
reaction, it describes, when used with reference to the epidemic spread 
of contagion, a complex ecologic phenomenon involving the behavior 
of a parasite and the response of a host (both conditioned by innate 
and acquired characteristics), and intricate modes of transmission 
between and within human aggregations. IMoreover, the existence of 
an infection and its spread among human aggregations is not always 
clinically apparent, a fact which impedes the study of epidemic con- 
tagion. Nevertheless, it is possible to study the dynamics of con- 
tagion experimentally where simple examples of pure parasitism^ are 
chosen. 

* These laboratories are supported by a grant from the Commonwealth Fund to the 
University of Pennsylvania for the study of the mechanics of air-bome infection and 
control. 
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In measles, for instance, infection produces a clinical picture. Per- 
sons are not naturally resistant to infection, but from it they do 
acquire lasting immunity. It is therefore possible to determine readily 
the number of persons within a group at a given time who are suscept- 
ible to this disease. The infection goes through a characteristic incu- 
bation period in human beings. This enables us to determine from 
the date on which the disease becomes clinically visible the approxi- 
mate date at which effective exposure occurred, and to observe the 
chain of infections, thus locating the aggregation witliin which e.xposiirc 
occurred. Clustering of cases within a particular aggregation may 
further indicate the degree of exposure to a common infected air 
supply. 

Under favorable conditions, statistical expression may be given to 
the probability of contact in air-borne infection. Statically, this will 
depend upon the presence in a given atmosphere at a given time of a 
certain concentration of infective material and a certain concentration 
of susceptible persons. The concentration of infective material varies 
according to tlie rate at which infective organisms are projected into 
or removed from the atmosphere. 

Other factors remaining uniform, the rate at which infective material 
is contributed to the atmos})here by infected persons who ha\'c reached 
but not yet passed the infective stage depends largely upon the dura- 
tion of this stage of the disease and the number of susceptibles infected 
during this time interval. If an epidemic is primarily air-borne, this 
means that the rate at which the air l^econics infected depends also 
upon the rate at which susceptibles become infected by the air. Tin* 
latter, however, depends upon the rate of the removal of infeetive 
material from the atmosphere by ventilation. Therefore, the volume 
of air change in the particular atmosphere per susceptible per minute, 
for purposes of convenience called ‘‘atmo.spheric density of suscepti- 
bles," is an important determinant of the rate of sprearl of air-borne 
infection. 

The hypothc.sis is made, then, that in air-borne infection the atmos- 
pheric flensity of susceptibles may be reduced below a ‘ threshold 
flensity,”- cither by increasing ventilation or by reducing the 
number of susceptibles, and the aggregation may thus be rendered 
safe from epidemic spread of air-borne contagion. According to this 
hypothesis, threshold density of .susceptibles varies with ventilation. 
The number of susceptibles sharing a given air supjdy at threshohl 
density defint's threshold ventilation, and increased ventilation would 
provide a proportionately larger number of susceptibles with threshold 
ventilation. Further, it has l)cen demonstrated that irradiatif)n of the 
atnmsphere by ultraviolet light is equivalent to an increase in venti- 
lation. 

Now to study the dynamics of an epidemic of ine.'isles, we turn to 
the .<ehool, for, in a small community, childhood contagion is focu.ssed 
in the sclirwl; also, from school records we can detertnine which children 
are susceptible to and which arc immune from infcctioti. If class- 
room aggregations of roughly similar numbers in a ,«choo! {K)j)u!ation 
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are exposed for equal periods under similar conditions of ventilation, 
the atmospheric density of susceptibles varies in proportion to the 
percentage of susceptibles in each aggregation. If we describe con- 
tagion-spread in terms of percentage susceptibility curves (Chart 1), 
then the point of inflection marks a threshold density of susceptibles, 
at which spread is endemic, below which cases are sporadic, and abo\ e 
which epidemicity increases. 

MEASLES 



WEEKS 


Chart 1. — Measles susceptibility in Germantown Friends School and Swart hmore 
Public Schools during 1941 epidemic (primarj'^ classrooms irradiated). Threshold 
density of susceptibles indicated at point of inflection in accordance with McKendrick’s 
theory. 

The point of inflection of the curve of proportionate decline in per- 
centage of susceptible pupils in the unirradiated High School shown 
in Chart 1, theoretically indicates protection against epidemic spread 
of contagion by fivefold increase in equivalent ventilation. After the 
epidemic had spent itself, the percentage of susceptible children in the 
irradiated primary schools was higher than in the High School before it 
commenced; but the threshold in the irradiated primary schools indi- 
cates equivalent ventilation only 3 times greater. However, the fact 
that the inflection point was reached 1 3 days later (incubation period 
of measles) in the primary than in the High School indicates spread 
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from the latter rather tlian dynamic spread within primary school 
classrooms. The time-distribution of cases within the classes® also 
indicates that tenfold increase in equivalent ventilation, independently 
determined by bacteriologic methods of measuring sanitary ventila- 
tion,® prevented epidemic spread of measles in irradiated classrooms 
during the winter. 

There are special reasons why the djTiamic pattern of spread of 
measles during the record breaking epidemic of 1940-41 is so simple. 
Apart from the facts that measles is the natural prototj’pe of an air- 
borne contagion and that the schools provide an exceptional setting 
for a free performance, it was also true that onset was so swift, and 
infection so hea\y, that the density of susceptibles was reduced below 
the community threshold before secondary spread outside the school 
could become established. 

MUMPS 



Chart 2. — Mumps susceptibility among school children of Swarthmore during 
1941-42 epidemic. Curve C, showing epidemic spread in first 3 grades of College 
Avenue School, chiefly exposed on or before November IS. Cur%*e A, showing endemic 
community spread in absence of epidemic classroom spread in Rutgers Avenue School 
and upper 3 grades of College Avenue School, chiefly exposed after November IS. 
Cur\*e B, High School {unirradiated). 

The djmamic pattern of spread of an epidemic of mumps through 
the community of Swarthmore diu-ing the succeeding year illustrates 
some of the factors, more particularly the interacting exposure between 
school and community, which complicate the experimental study of 
air-borne infection among human aggregations. A case of mumps, 
exposing the third grade of the College Avenue School on Septem- 
ber 29 and 30, detonated an explosive accumulation of susceptible 
material. On the second and third generations, synclironous epidemic 
waves were initiated in the first and second grades, respectively. 
Epidemic waves of decreasing amplitude then fanned out on an ever- 
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widening front through the entire population of Swarthmore during 
the remainder of the season. 

The change from epidemic to endemic spread of infection (Chart 2) 
probably represents a difference in atmospheric density of susceptibles. 
Epidemic spread, therefore, illustrated by curve C, probably indicates 
wide difference between threshold and initial sanitary ventilation per 
susceptible, while curves A and B approach endemic spread at threshold 
density. With similar initial susceptibility (curves A and C) sanitary 
ventilation differs; with equivalent ventilation (curves B and C) the 
difference in sanitary ventilation per susceptible could onlj^ be due to 
the higher initial number of susceptibles. 

Difference between the autumn threshold of 3 irradiated primary 
classrooms first attacked (curve C), and winter threshold in the High 
School (curve B), could also be explained by various diflFerences in the 
two schools.* Higher winter threshold densities in primary schools 
(curve A), however, under otherwise similar conditions, would be 
difficult to explain except for radiant disinfection. Winter differences 
in threshold, favoring irradiated primary schools over the unirradiated 
High School both for mumps and measles, also indicate control of 
epidemic spread of contagion in primary schools by tenfold increase 
in sanitary ventilation. 

The curves A and C contrast epidemic classroom spread (curve C) 
with endemic community spread (curve A). In 3 of the primary- 
classes first attacked, 32 out of 42 cases could have resulted from 
23 classroom exposures, but only 15 of 73 cases in 11 remaining pri- 
mary grades of comparable susceptibility could have resulted from 
30 class exposures. Similarly, 31 of 51 cases in the two primary schools 
(Chart 3) could have been infected by 18 class exposures between 
September 30 and November 19, yet 53 class exposures between 
November 18 and April 7 could account for no more than 16 of the 
64 cases infected after November 18, and some of these probably were 
extra-class infections. Moreover the percentage of class secondaries 
in the more susceptible and more heavily exposed Rutgers Ave. School 
was less than half that in the College Ave. School exposed earlier in 
the season (Chart 3). Some factor favorable to epidemic spread of 
mumps during mild, moist, fall weather appeared to be under control 
during cold winter weather. 

We cannot here discuss the nature of the factors which might e.xplain 
epidemic spread of mumps in 3 College Avenue classrooms conspicuous 
in the early school season, but which declined within the classrooms 
of both schools during the winter. But it is pertinent to point out the 
role of epidemic classroom spread in heavily seeding a large reservoir 
of susceptible school children in the community. The endemic harvest 
of cases resulting from this epidemic sowing would seem to indicate 
that the density of susceptibles was close to the community threshold. 

* The difference could be explained by window ventilation in mild weather or differ- 
ence between the atmospheric density of primarj^ school susceptibles in classrooms where 
three-fourths of infections could have occurred and High School susceptibles in the 
community including classrooms, where only half of the cases could occur, or to natur- 
ally resistant children who might disproportionately influence the less susceptible group, 
oven though secondary attack rates in homes were equal. 
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The identification of class secondaries made it possible to distinguish 
the epidemic intra-class from the endemic extra-class patterns of 
spread of contagion among pupils of the two schools, in the fall and 
w'inter. Without such differentiation, extra-mural infection of school 
children masks intra-mural protection, w'hich may explain the disap- 
pointing results obtained in attempting to reduce incidence of colds 
by school irradiation.® Only when a major fraction of exposure is 
prei'ented, is it feasible to demonstrate control. Radiant disinfection 
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Chart 3, — Mumps ui Swarthmore Primary Schools, 1941-42. Cases plotted against 
generation periods. First introduction September 30* Each bar represents one genera- 
tion period beginning October 7, 25, November 10, 27, December 14, January 1, 19, 
February 6, 24, March 14, April 1, 19, May 9. Black bars indicate class secondaries 
defined by cases occurring from 33th to 22d day after class exposure on day of onset 
or previous day. White numbers on black bar represent the grade. White squares 
represent extra class infections. Black dots indicate home secondaries* 


of the atmosphere of selected aggregations, nevertheless, offers an ex- 
perimental technique for disclosing channels of epidemic spread of 
contagion within the community. 

Summary. This paper presents the hypothesis that epidemic spread 
of contagion depends upon deficiency of air supplied per susceptible 
person. It presents data from our school studies which, indicate that 
tenfold increase in winter ventilation or its equivalent by ultraviolet 
irradiation does control the epidemic spread of air-borne contagion., . 
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STUDIES ON BONE MARROW IN VITRO 

I, The Cellular Pattern and Behavior of Explanted 

Bone Marrow 

By M. Rachmilewitz, M.D. 

AND 

A. Rosin, M.D.* 

JERUSALEM, PALESTINE 

(From the Medical Department B, Rothschild Hadassah University Hospital, and 
Department of Experimental Pathology, The Hebrew University, Jerusalem) 

The conditions of the bone marrow in the living organism, its dis- 
tribution over the entire body and the multiplicity of influences which 
affect its activities, render the evaluation of the factors which deter- 
mine its functions difficult. In order to overcome these difficulties it 
seemed worthwhile to establish conditions under which the bone 
marrow may be kept alive outside the body as an organ with its char- 
acteristic structure and function. The response of the surviving bone 
marrow to various influences, such as changes in the media or the 
adding of various substances, could then be observed and registered. 
Thus, direct experiments on the bone marrow would become possible. 

The classical method of tissue culture does not fulfill this purpose. 
Numerous attempts to culture bone marrow have shown that the 
bone marrow m vitro soon loses its characteristic structure. The exten- 
sive outgrowth and proliferation of cells in the culture result in the 
disintegration of the organ as a structural entity. The object of this 
investigation, on the other hand, was not to obtain cultures of different 
cell elements of bone marrow, but to study the surviving bone marrow 
itself, and its constituents as a whole. 

The technique employed in our experiments, therefore, aimed at 
conditions which would favor the preservation of organ structure and 
possibly limit cell outgrowth. For this purpose advantage was taken 
of the method initiated by Loeb,® which consists in freely suspending 
explanted tissue fragments in tubes filled with plasma. The culture 
hanging in the plasma clot is deprived of its chief growth support, the 
plasma layers adjacent to the walls of the container, and therefore cell 
outwandering is definitely limited. 

* Working under the Cancer Laboratories Fellowship. 
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A similar method of explantation was employed by Jeney^ in his 
study of the influence of various substances on the function of the 
bone marrow in vitro. ^ 

Material and Methods* MaieriaL Bone marrow was obtained from the 
tibia of weeks old rabbits. The bone marrow of animals of this age is rich 
in parenchyma as compared with adult bone marrow. According to Sabin,'' 
the erythroid hypeiplasia of the rabbit^s bone marrow, present since birth, 
has at this age been reduced; and the production of leukocytes has set in, 
in a measure corresponding to the demands of the peripheral blood. Our 
observations have shovm, however, that even at this age the cellular com- 
position of the bone marrow is not definitely fixed. There are marrows vnth. 
predominant mj’^eloid cells and others with predominant er 3 ^throid elements. 
Also the proportion of the mature to the immature cells varies considerably. 
The cell pattern type of the original bone marrow must be carefully noted, as 
it determines the course of development taking place in the explant in vitro. 

Method of Explantation, The containers used for explantation were glass 
tubes of 1.5 cm. height and 8 mm. diameter. The bone marrow fragment of 
the size of 3 mm.^ was placed immediately after removal from the tibia in the 
medium, consisting of 3 drops of rabbit's plasma, 3 drops of Tju-ode solution 
and 1 drop of diluted chick embryo extract. The tissue fragments were planted 
at the time when the plasma began to coagulate, so that it remained suspended 
in the upper layers of the medium. The tubes tightly closed were incubated 
at 37® C. After incubation the plasma clot containing the bone marrow explant 
was taken out and fixed. The plasma was obtained from the carotid of adult 
rabbits. To prevent coagulation, 5 drops of heparin were added to each 10 cc. 
of blood. The bone marrow explants were incubated for 24, 48, 72, 96 and 
120 hours respectively. 

Experiments (26) were carried out with bone marrow of 26 different 
rabbits. The bone marrow of 12 animals showed prevailing leuko- 
poiesis; of 8, prevailing erythropoiesis; and in the bone marrow of 6 
animals myeloid and erythroid cells were present in nearly equal 
proportions. 

Histologic Technique, The material was fixed in Zenker’s and 
Helly’s fluid. After embedding the specimens in celloidin-parafEn, 
serial sections 4p thick were made and stained with hematox^din- 
eosin; frequently sections were also stained with Giemsa. 

Differential Cell Counts on Bone Marroxo Seciwns. The differential 
counts were made on thick sections. The counting was performed 
by using a small ocular diaphragm, and, because of the non-homogen- 
eous distribution of the cells, different areas of the section were counted. 
In the sections of the original bone marrow 500 to 600 cells were 
counted. In the sections obtained from the explanted bone marrow 
fragments, all the cells present in one section were counted, including 
the surrounding plasma clot* The number of cells ranged between 
500 and 800. The following cell types were differentiated: (1) stem 
cells; (2) promyelocytes and myelocytes; (3) metamyeloc}i:es and 
pol^TBorphonuclear leukocytes. 

The value of such counts and the possibility of deriving from them 
reliable information about the changes taking place in the bone 
marrow, is a matter of discussion.^*^*"^’"*'-*'^ 

* The method of Osgood,* on the other hand, differs from ours in that this author 
performs his experiments on surviving isolated cell elements of the bone marrow and 
not on the surviving bone marrow as a whole. 



RACHMILEWITZ, ROSIN: STUDIES ON BONE MARROW 


19 


No differential counts of erythroid cells were made, since we were 
concerned in the first place with the relative proportions of mature 
and immature cells, and the counting of mature erythrocytes in bone 
marrow sections is impracticable. 

Results. The bone marrow explant after 24 hours of incubation 
shows the network of stroma, myeloid parenchyma and fat cells well 
preserved and without signs of degeneration. The adjacent plasma 
contains a varying number of widely dispersed cells which have 
. migrated from the explant. 



Fig. 1. — a, Explant of bone marrow (predominantly leukopoietic) after 24 hours of 
incubation. Hematox.-eos.; X 550. 5, Corresponding original bone marrow. Hema- 

tox.-eos.; X 550. 

Fig. 2. — a, Explant of bone marrow (predominantly leukopoietic) after 24 hours of 
incubation. Hematox.-eos.; X 550. 5. Corresponding original bone marrow. Hema- 

tox.-eos.; X 550. 


The changes which have taken place in the bone marrow during 
this period of incubation concern the distribution of the various rnarrow 
cells within the fragment and a shift in the proportioii of the immature 
to the mature cells in favor of the latter. 

Whereas in the original bone marrow the various cells or cell groups 
are more or less evenly distributed over the entire organ, the cell 
distribution in the 24-hour old explant is quite different. Tlie central 
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parts of the fragment contain most of the mature granulocytes and 
their immediate precursors. They densely fill the trabeculm and are 
often aggregated in large groups. Between them only j-elatix^ely few 
immature cells are present (Figs. 1 and 2). As one approaches the 
peripherj'^j the number of mature leukocytes progressively decreases 
and the number of immature cells increases respectively. The sur- 
rounding plasma again contains numerous segmented leukocytes, 
emigrated from the explant. 


Table 

1.- 

-Differential Cell Counts With Predominant Leukopoietic 




Activitv 








PolymorphcH 







nuclear 

Immature* 

Animal 

No, of cells 

Stem cells Myelocytes 

leukocytes 

mature 

No. 


counted 

(%) 

(%) 

(%) 

ratio 

E.19 

A 

... 500 


58,5 

41,5 

i:0,7 


B 

... 530 


1S,7 

81,3 

1:4,3 

K.21 

A 

... 600 

2,2 

41,2 

56,6 

i:l,3 


B 

... 660 

1,4 

26,6 

70,0 

i:2,5 

R.24 

A 

. . . 520 

3,5 

50,0 

46,5 

i:0,9 


B 

... 570 

3,5 

24,4 

72,1 

i:2,6 

R.26 

A 

... 500 

4.S 

51,0 

44,2 

1:0,8 


B 

... 600 

6,1 

22,2 

71,7 

1:2,5 

R.27 

A 

. , . 54S 


43,0 

57,0 

i:l,3 


B 

. . . 793 


32,7 

67,3 

1:2,1 

R.28 

A 

. . . . 500 

34 

40,0 

56,2 

1:1,3 


B 

500 

2,8 

22,8 

74,4 

1:2,9 

R.29 

A 

. . . 500 

7,2 

31,6 

61,2 

1:1,6 


B 

... 500 

5,4 

26,8 

67,8 

1:2,1 

Av. 

A 

. . . 524 

4,1 

42,8 

51,9- 


Av. 

B 

... 597 

3,S 

24,6- 

72,1- 



A — control section; B = section of 24-hour old explants. 


The predominance of mature leukocytes over immature cells in 
the 24-hour old explants as compared with the original bone marrow 
is striking; this observation that maturation of leukocytes takes place 
in vitro could be substantiated by differential cell counts made on the 
myeloid cells of the original bone marrow sections and the sections of 
the expianted fragments respectively (Table 1), The table, which 
comprises differential cell counts of 7 of 12 experiments on bone marrow 
with predominant leukopoietic activity, reveals that the proportion 
of mature white cells to immature increases after 24 hours of incuba- 
tion, the average increase being almost threefold. 

Although the proportion of immature cells was found to be reduced 
after 24 hours of incubation, multiplication of the precursors doubtless 
takes place at a reduced rate, as evidenced by the considerable number 
of mitoses found in primitive blood cells. Occasional mitoses are also 
present in stroma cells. As a rule the number of mitoses in expianted 
bone marrow is even higher than that in the original material. 

Table 2 gives the comparative number of mitoses in the original 
bone marrow and in the 24-hour ^old explants. It shows that the 
average number of mitoses in 10 fields (in each experiment 10 to 30 
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fields were counted) of the original bone marrow is 2.4; while the 
number of mitoses in an equal area of the explant is 9.0. 

Table 2.— Comparative Number of Mitoses in Original Bone Marrow 
AND in the 24 Hour Old Explants 




No. of 



No. of 

Animal 

mitoses in 

Animal 

mitoses in 

No. 


10 fields 


No. 

10 fields 

R.24 

A . 

. . . . 1 

R.30 

A . . . 

. , 4 


B 

. . . . 7 


B . . . 

. . 12 

R.27 

A . 

. . . . 4 

R.35 

A . . . 

. . 1 


B 

. . . . 4 


B . . . 

7 

R.28 

A 

. . . . 3 

R.37 

A . . . 

. . 4 


B . 

. . . . 9 


B . . . 

. . 5 

R.29 

A . 

. . . . 2 

R.41 

A . . . 

0 


B . 

. . . . 17 


B , . . 

. . 7 


Av, A, 2.5; Av. B, 8.6. 

A = control section; B = section of 24 hour old explants. 

Mature erythrocytes also appear in increased numbers in explants 
of 24 hours as compared with the original bone marrow. Sinusoids 
filled with well-preserved erythrocytes mixed with a varying number 
of normoblasts could be regularly observed. The red cells often form 
large lakes filling in the meshes of the stroma (Figs. 3 and 4). Numerous 
erythroblasts are diffusely distributed over the entire marrow and are 
often in a state of mitosis. No red cells could be seen in the plasma, 
but they often concentrate at the borderline between the plasma and 
the explant. 

Megakaryocytes are to be found scattered throughout the network 
of the stroma. 

According to the prevalence of myeloid or erythroid cells respec- 
tively in the original material, the appearance of the explant after 
24 hours varies. It is only in leukopoietic bone marrow that the 
maturation of leukocytes becomes clearly manifest. In bone marrow 
of a decidedly erythropoietic character the leukopoietic activity is 
slight, while the activity of the red series is marked. 

Afte7' Jf.8 hours of incubation, a somewhat different picture of the 
bone marrow explant is obtained. The center of the fragment contains 
many fewer marrow cells than after 24 hours. Here only a small 
number of leukocytes and their precursors are present. Most of the 
elements of the blood-forming parenchyma are to be found in the 
margin of the fragment. Here, a dense wall is formed mainly of imma- 
ture cells, mixed with segmented leukocytes in varying proportions. 
All mature and immature blood cells as well as stroma cells and 
megakaryocytes are well preserved. 

The red cells are numerous, especialbv in the bone marrow exjjlants 
derived from an original marrow with predominantly erythropoietic 
activity. They are accumulated in large numbers, filling in the dilated 
sinusoids. Occasionally, red cells in large numbers are found also in 
the periphery of the sections. Because of the reduced number of 
leukocytes in the central parts of the sections after 48 hours of incuba- 
tion, the red cells —mature erythrocytes mingled with few normo- 
blasts and single erythroblasts— appear especially prominent. 
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Promyelocytes, myelocytes, and erythroblasts in mitosis are fre- 
quent, especially in the outer layers of the fragments. 

The outstanding feature of the 48-hour old explant is, thus, the 
decrease in number of leukocjdes in tlie center of the fragment, as 
compared with the 24-hour old explant; they are confined to the 
periphery of the fragment and to the adjacent plasma. The tendency 
of the polymorphonuclear leukocjdes to migrate from the center, 
where they mature, to the periphery of the fragment and farther into 
the plasma, fully explains this picture. 
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into the plasma. The primitive blood cells, that are found singly or 
in small groups between the stroma cells, are well preserved and show 
occasional mitoses. They may be situated also between the out- 
growing fibrocytes, always in a small number. 

Both erythrocytes and normoblasts are still numerous in this stage. 
Megakaryocytes are well preserved. 

The original organ structure of the bone marrow is hardly preserved 
in the explant examined after 96 .to 120 hours of incubation. The pro- 
liferation of stroma cells, turning into fibrocytes, which has begun 
after 72 hours, has markedly progressed, not only in the periphery, 
but also in the central parts of the explants. The network of the stroma 
is collapsed and partly replaced by proliferating spindle cells. Among 
them myeloid elements in various stages of maturation are still present, 
and their multiplication is evidenced by the presence of mitoses, but 
their number is small. Even after 120 hours of incubation polymorpho- 
nuclear leukocytes, single or in groups, are to be found in the explant 
itself and also in the plasma clot. The erythrocytes are often still well 
preserved. Megakaryocytes occasionally show signs of degeneration, 
the nuclei having become pycnotic. 

Comment. The experiments on explanted bone marrow have shown 
that bone marrow placed in a plasma medium in vitro gradually loses 
its organ structure. In the course of time the myeloid cells migrate 
from the explant and the stroma cells turn into fibrocytes. After 
4 to 5 days the bone marrow in vitro is thus transformed into a culture 
of common spindle cells, interspersed with a few specific bone marrow 
cells, whose number continues to decrease. The process, however, 
which takes place during this period, is not one of depletion of paren- 
chyma and dedifferentiation only. Before these occur the blood ele- 
ments of the bone marrow undergo multiform changes, the description 
and interpretation of which form the content of this report. 

The explanted bone marrow continues its activity in vitro at an 
even higher rate for a period, and it is only after this phase of activa- 
tion that regression sets in. 

The functional activity of the bone marrow in vitro is manifested 
by two essential phenomena, cell maturation and cell multiplication. 

Cell maturation involves equally the blood elements of both the red 
and white varieties. On inspection of the 24-hour old explant, one is 
impressed by the increased number of segmented leukocj’tes as well 
as of red cells, as compared with the control piece. INIature leukocji;es 
fill in the trabeculae and are present in large numbers in the central 
zone of the sections. Mature red cells are found in large masses, some- 
times in the form of lakes, at times surrounded by endothelial cells. 
The extent and the density of these aggregates are far greater than 
can be observed in normal bone marrow. 

As mentioned above, maturation of erythroc}i;es could be assumed 
only by inspecting the histologic sections of the explant; to count them 
would be misleading. The relative increase in number of leukocytes 
could, on the other hand, be substantiated by differential cell counts 
made on the myeloid cells of the original bone marrow sections and the 
explanted fragments. 
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Tlie question if maturation of blood cells takes place in vitro has 
been discussed by a number of authors and is still undecided. 

Foot,^ " the first to stud 3 ’’ sj^stematically cultures of chicken bone 
marrow, believed that he had seen the transformation of Ij'mphoid 
cells (x-cells, large mononuclear leukocytes) into mj^elocjdes and further 
into poljTnorphonuclear leukocjdes. The same lymphoid cells may, 
according to this author, also develop into histiocjdes. 

Rasmussen,^® in his experiments on cultures of rabbits’ bone marrow, 
based his assumption, that maturation of m,yeloid cells takes place, 
m vitro on the following observations; (1) the presence of mature 
leukocj’tes in cultures after longer periods of incubation, 'in spite of 
the short life span of these cells; and (2) the shift in the proportion of 
mature to immature cells in favor of the first. In the course of cultiva- 
tion observation of extrusion of the nuclei of normoblasts in bone 
marrow culture led this author to the conclusion that normoblasts 
mature in vitro into erjThrocj'tes. 

Van Herwerden,^ too, was able to observe the maturation of normo- 
blasts in vitro b,v extrusion of their nuclei. 

Spadafina,*’ experimenting on cultures of rabbits’ and guinea pigs’ 
• bone marrow, thought it probable that hemocj^toblasts maj^ develop 
into mjfeIocji;es and that normoblasts lose their nuclei and become 
er^^throcytes, but Rasmussen states that no differentiation of the 
precursors of the normoblasts can be observed. 

Under the conditions of onr experiments wc were able to establish with 
certainty the maturation of ivhite blood cells in vitro; and to regard as 
highly probable the maturation of red blood cells. 

Not only maturation but also multiplication of blood cells takes 
place in the bone marrow explants in vitro. Precursors of erj-throcj-tes 
and leukocytes could often be seen in a state of mitotic division. 
Moreover, the number of mitoses in stem cells, mj’elocj'tes, and erj'thro- 
blasts is alwaj’s higher in the explanted than in the original bone 
marrow. The mitotic activitj’ of the blood cells in vitro remains as 
long as immature cells are present, even after 5 da^'s of incubation. 

The histologic picture of the functioning bone marrow in vitro is 
verj' characteristic and differs in manv features from that in vivo. 
Despite the fact that both aspects of bone marrow acti\'it 3 ', multiplica- 
tion and maturation, take place simultaneoush' in bone marrow 
explants in vitro in the same wa.v as in vivo, the regulation of the cellular 
composition of the bone marrow in vitro is different and incomplete. 
iSIature blood cells enter the blood stream in the living organism; thej' 
remain, however, within the culture, if explanted. Here the.v dis- 
tribute themselves in the explant according to their locomotor capaci- 
ties. The great motilitj' of the leukocj-tes causes them to migrate from 
their place of origin to the peripherv of, tlie fragment and eventually 
into the free plasma. The mature red cells stay behind in the fragment. 
In this waj' the different cell tj'pes are sorted out zonallj- . Furthermore, 
bone marrow in vivo exhibits multiplication .and maturation equall.v 
throughout its extent. In vitro, on the- other hand, presumably on 
acedifnt of environmental factors, maturation of leukoc\-tes takes place 
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predominantly in the central region of the marrow fragment, while 
multiplication is manifested more at the periphery. This is why in 
the beginning of incubation the center contains mainly mature cells, 
and the periphery mainly immature cells. 

In normal bone marrow multiplication just balances maturation, 
and the release of mature white and red cells into the blood stream 
occurs at a certain pace, so that the relative proportions of the cell 
types present in the marrow remain practically the same. In vitro the 
multiplication of the primitive blood cells does not keep pace with 
maturation and migration, and mature cells are only partly replaced. 
Thus the number of specific bone marrow elements is reduced from 
day to day and the bone marrow becomes depleted. 

No doubt can exist that this depletion is not brought about by a 
total loss of mitotic capacity on the part of the myelocytes and stem 
cells. As stated above, this capacity persists as long as primitive blood 
cells are present. It may be that this multiplication is insufficient in 
quantity, but it should be considered that the depletion of the bone 
marrow may also be due to a deficiency in the supply of specific blood 
cell elements by the altered stroma matrix. The bone marrow stroma 
is the first to lose its specific properties. At the time when myelocytes 
and stem cells are still present in a state of integrity, the reticular 
elements of the bone marrow begin to appear as fibroblasts. After 
72 hours of incubation, when the cell content of the bone marrow frag- 
ment definitely decreases, the proliferation of fibroblasts sets in. This 
process of bone marrow depletion and fibroblast proliferation results 
finally in almost complete disintegration of the bone marrow as a 
specific functioning tissue, which becomes replaced by common 
mesenchyme cells. 

As stated in our introduction, the object of this investigation was 
to establish a physiologic model which would help in the analysis of 
the factors which govern normal and pathologic blood cell formation 
in the bone marrow. The above-described method of bone marrow 
explantation, and the observations made on the explanted bone 
marrow, give reason to assume that this ma}”^ be possible. 

The bone marrow in vitro continues for a certain period of time 
the specific functional activity, even at an increased rate. This period 
of functional activity of bone marrow in vitro can be made use of in 
the stud^'^ of the factors which affect the bone marrow function. 

These studies are to be the subject of subsequent reports. 

Summary. 1, A method is described which enables bone marrow 
fragments to survive in vitro for a certain period of time with preserva- 
tion of its specific organ properties, 

2. Maturation and multiplication of white and red cells was observed 
to take place in explanted bone marrow; maturation of polymorpho- 
nuclear leukocytes in vitro was proved by differential cell counts. 

. 3. The period of functional activity of the explanted bone marrow 
is followed by depletion of the marrow parenchyma aJid fiI)robiastic 
proliferation of the stroma. 
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TISSUE CULTURE STUDIES ON CYTOTOXICITY OF 
BACTERICIDAL AGENTS 

n. Effect of Tteothricin, Gramicidin and Tfrocidine 
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It has been observed that gramicidin is more toxic than tyrocidine 
for small wandering cells migrating from explants of mesenteric lymph 
node of the rabbit.^ The largest amount of tjTocidine which could be 
used in this ty^e of preparation did not cause a significant degree of 
inhibition. In order to compare the relative cytotoxic effect of tjTO- 
thricin and its fractions, gramicidin and tyrocidine, experiments were 
done in which tissues were grown in a plasma clot in Carrel fiasks for a 
period of 4 days. Rabbit spleen was used as a source of tissue because 
it is fairly homogeneous and provides a good source of large wandering 
cells or macrophages. 

Experimental Studies, Plasma and tissue extract were prepared in a man- 
ner pre™usly described.^ Young, adult, male rabbits were used exclusively 
and the plasma, serum and tissues used in each experiment were obtained from 
the same animal. A serum-cbick-embiyo extract was made by extracting 
chick embi^’os of 8 days of incubation with rabbit's serum in the proportion 
of one embrj’o to 5 cc. of serum. The spleen was removed from the rabbit 
aseptically as soon after death as possible. Fat and mesentery were removed 
from the spleen which was fragmented without anj" attempt to remove the 
capsule. Fragments of a suitable size, approximately 1 to 2 mm. across, 
w^ere placed in TjTode's solution in three matched groups of 12 fragments each. 
One group of 12 fragments vras used in cultures of the control series and the 
other tw’o groups comprised the test series. To one of the test series w’as added 



CYTOTOXICITY OF BACTERICIDAL AGENTS 


27 


one of the products of B. brevis and to the second test series was added an 
equal amount of another fraction of the soil bacillus. Thus, the effect of 
similar amounts of two fractions could be compared at one time. 

In addition, a group of experiments was done in order to find the amount of 
variation in extent of growth exhibited by the various cell types originating 
from the splenic fragments. Each experiment in this group consisted of three 
normal series of 12 fragments each. No bactericidal agent was added to 
cultures in this group of experiments. 

The bactericidal agents used in the test series were added to the tissue 
extract^ before the cultures were made. The crude tyrothricin and purified 
tyrocidine hydrochloride used in this study were obtained through the courtesy 
of Sharp & Dohme. Purified gramicidin was prepared by Osterberg according 
to_ the method of Hotchkiss and Dubos. Stock solutions were prepared con- 
taining 2% of the bactericidal substances in 95% alcohol. At the time of 
culturing, dilutions of the stock solution were made in Tyrode’s solution. 
The resulting suspensions were added to the serum-chick-embryo extract in 
an amount that comprised one-twentieth of the total volume of the media 
used in making the preparation. The pH of the medium as determined by 
the glass electrode was not altered by the amounts of bactericidal substances 
used. Suitable dilutions of 95% alcohol in Tyrode’s solution were added in a 
similar manner to the control series. 

Cultures were planted in D5 Carrel flasks. Each preparation consisted of 
0.5 cc. of heparinized plasma, 1 cc. of serum-chick-embryo extract containipg 
the test substance and 4 explants of spleen placed in the resulting tissue culture 
clot. Three flasks, each of which contained 4 fragments, or a total of 12 frag- 
ments, were used for each experimental condition. All of the cultures com- 
prising a single experiment were completed in as short a time as possible. 
The flasks were corked and sealed with a mixture of paraffin and petrolatum. 

When clotting was complete, a camera lucida drawing was made of the 
outer edge of each fragment at a magnification of X7. The cultures were 
then incubated at 37.5° C. for 4 days. After 96 hours of incubation the 
cultures were removed from the incubator and measurements were made of the 
extent of migration of the large wandering cells. This was done with the use 
of an ocular micrometer at a magnification of X 60. A measurement was made 
of the radius of the widest part of the migration zone from the edge of the 
original fragment to the periphery of the migration zone. Measurements were 
determined to the nearest 10 unit mark on the ocular micrometer. The average 
value in micrometer units was determined for each series of 12 cultures. 
The areas of the tracings of the original fragments were measured with a 
planimeter and the values expressed in planimeter units. 

Tissue Culture Observations. Microscopic examination of the living 
cultures to which no bactericidal agent was added revealed the follow- 
ing sequence of events. During the first 24 hours of incubation many 
small wandering cells appeared in the migration zone. These con- 
sisted of polymorphonuclear leukocytes, lymphocytes and a few mono- 
cytes. The resulting mixed cell picture varied somewhat in different 
animals and a quantitative estimation of the degree of migration at 
this time gave irregular results. There w^as some extension of migra- 
tion of the small wandering cells on the 2d day; however, they began 
to degenerate rapidly after the 1st day of migration. On the 2d day 
large w'andering cells began to appear near the fragment. These cells 
increased in number and size, engulfing cellular debris in tlie migration 
zone. By the 4th day the macrophages had migrated beyond the 
limits of migration of the leukoc}i;es. At this time many of tlie 
macrophages had become granular in appearance and there was little 
further migration after the 4th day. On the 2d or 3d day of incubation 
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fibroblasts began to grow out from the explant, and by the 4th day 
there was usually a narrow zone of fibroblastic growth around each 
explant. 

The addition of toxic amounts of the three products of the soil 
bacillus caused varying degrees of cellular degeneration which affected 
all cell types to a somewhat similar extent. No qualitative differences 
between the action of tjTothricin, gramicidin and tyrocidine were 
observed in the unstained specimens. Cultures showing definite inhi- 
bition of migration of macrophages also showed a visible increase in 
degeneration of these cells as well as of the granular leukocytes and 
lymphocytes. The reaction of the growth of fibroblasts in the presence 
of the products tested was very irregular and further growth of the 
fibroblasts after the 4th day resulted in the new growth pulling away 
from the clot in many instances. For this reason reliable quantitative 
determinations could not be made on the fibroblasts. 

Table Measurements Recorded on Migration of Macrophages From 
Explants of Normal Rabbit Spleen 
Experiment 1 {Control Series) 


Series 1 Series 2 Series 3 


Flask 

Fragment 

size, 

planimeter 

units 

Radius of 
migration of 
macrophages, 
ocular microm- 
eter units 

Fragment 

size, 

planimeter 

units 

Radius of 
migration of 
macrophages, 
ocular microm- 
eter units 

Fragment 

size, 

planimeter 

units 

Radius of 
migration of 
macrophages, 
ocular microm' 
eter units 

1 

0 854 

690 

0 606 

710 

0.605 

770 

1 

0.5S7 

650 

0.721 

760 

0.684 

760 

1 

0.733 

820 

0.60S 

750 

0.679 

760 

1 

0.643 

680 

0.690 

700 

0.745 

840 

2 

0.644 

750 

0.421 

540 

0 584 

6S0 

2 

0.532 

780 

0.556 

740 

0.670 

790 

2 

0.662 

670 

0.751 

640 

0.701 

800 

2 

0.449 

740 

0.515 

710 

0.560 

650 

3 

0.469 

640 

0 716 

790 

0.772 

790 

3 

0 650 

840 

0.586 

640 

0.658 

610 

3 

0 665 

780 

0.547 

740 

0.482 

750 

3 

0 77S 

730 

0 758 

750 

0.548 

690 

Mean 


731 


706 


741 

Standard deviation 

66 


69 


68 


Quantitative Observations. A stud}^ was made of the group of experi" 
meats in which no drug was added to the cultures. This was done in 
order to find the degree of variation existing between the three normal 
series of cultures and also to determine some of the factors influencing 
the results. Data from a typical experiment are presented in detail 
in Table 1. It can be seen that there was no definite relation between 
the size of the individual fragment and the extent of migration of 
macrophages. This was found to be the case in other experiments in 
the normal group. There was considerable variability of the extent 
of migration about the fragments within each series; however, the 
means are in good agreement. Table 2 shows the extent of variability 
in 6 such experiments. For convenience, the extent of migration of 
the second and third series of cultures, respectively, has been compared 
with that of the first series just as in the experiments in which germb 
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cides were employed. The variability determined in this way did not 
exceed 10%. There was a great deal of ^^ariation between experiments 
performed on different daj’-s, which necessitated a direct comparison 
of the cultures containing germicides with a normal control series in 
each experiment. 


Table 2. — Migration of Macrophages From Explants of Normal 

Rabbit Spleen 


Control Group 



Series 1 

Series 

2 


Series 3 


Radius of 

Radius of 

% 


Radius of 

% 

Experi- 

migration* 

migration, 

difference 


migration, 

difference 

ment 

mean* 

mean 

from Series 1 


mean 

from Series 1 

1 

731 ± 19 

706 =1= 20 

-3.8 


741 + 20 

+ 1.4 

2 

481 =±= 20 

477 ± 23 

-0.8 


497 ^ 17 

+ 3.3 

3 

492 22 

483 24 

-1.8 


468 25 

-4 9 

4 

552 =1= 37 

566 31 

4-2.5 


559 22 

+ 1.3 

5 

759 ± 25 

752 ^ 43 

-0.9 


831 25 

+ 9 5 

6 

613 =t: 38 

649 ± 20 

+5.9 


643 =*= 26 

+4.9 

* The value following the =*= 

is the standard error of the mean. 


Table 3. — Effect of 10 

JUG. PER Cc. 

of Gramicidin 

and Tvrothricin on 

Migration of Macrophages From Explant of 

Normal Rabbit Spleen 


Series 1 

Series 2 


Series 3 


Control 

10 fig. per cc. gramicidin 


10 fig. per cc. tyrothricin 


Radius of 

Radius of 

% 


Radius of 

% 

Experi- 

migration, 

migration, 

difference 


migration, 

difference 

ment 

mean* 

mean 

from control 


mean 

from control 

1 

498 =1= 34 

315 ± 14 

-36.7 


352 16 

-29.3 

2 

495 16 

213 =i= 6 

-57.0 


376 IS 

-24 0 

3 

380 18 

125 =±= 9 

-67.1 


272 14 

-28 4 

4 

557 19 

307 =1= 11 

-44.9 


446 21 

-19 9 

5 

534 =*= 14 

288 =*= 16 

-46.1 


408 23 

-23 6 

* The value following the 

: is the standard error of the 

mean. 


Table 

4. — Effect of 20 

JUG PER Cc. 

OF Gramicidin and Tyrocidine on 

Migration of Macrophages From Explant of 

Normal Rabbit Spleen 


Series 1 

Series 2 


Series 3 


Control 

20 /ig. per cc. j 

gramicidin 


20 fig . per cc. tyrocidine 
















Radius of 

Radius of 

% 


Radius of 

% 

Experi- 

migration, 

migration, 

difference 


migration, 

difference 

ment 

mean* 

mean 

from control 


mean 

from control 

1’ 

629 16 

377 21 

-40.1 


634 =i= 33 

+ 0 8 

2 

021 ± 27 

138 ± IS 

-77.8 


653 31 

+ 5 2 

3 

492 =i= 39 

285 =i= 32 

-42.1 


506 ± 31 

+ 2 8 

4 

516 25 

20S ± 10 

-59 7 


553 =*= 17 

+ 7 2 

5 

337 =i= 16 

126 11 

-62.6 


317 26 

-5 9 

* Tlic 

value following the 

is the standard error of the mean. 



Table 5. — Effect of 100 ^g. per Cc. Tvrothricin and Tyrocidine on 
Migration of Macrophages From Explant of Normal Rabbit Spleen 



Scries 1 
Control 

Series 
100 /ig. per cc. 

2 

tyrothricin 

Scries 3 

100 fig. per cc. tyrocidine 


Radius of 

Radius of 

% ^ 

Radius of 

% 

Experi- 

migration, 

migration, 

difference 

migration, 

difference 

ment 

mean* 

moan 

from control 

mean 

from control 

1 

527 =±= 21 

117 =±= 11 

— 77 .8 

433 =i= 20 

-17 S 

2 

793 =*= 28 

171 =i= 10 

-78.4 

042 ± IS 

-19 0 

3 

684 17 

252 ^ 25 

-63 2 

46S 40 

-31 G 

4 

516 21 

189 10 

-63 4 

445'^ 19 

- 13 8 

5 

499 30 

152 =±= 12 

-09 5 

4/0 ^ 36 

- 4 8 


* The value following the is the standard error of the mean. 
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When 10 tig. per cc. of either gramicidin or tjTothricin was added 
to the test series of cultures, there resulted a definite decrease of migra- 
tion of the macrophages. Gramicidin caused more inhibition than 
tjTothricin (Table 3). On the other hand, 20 yug. per cc. of tjTOcidine 
did not inhibit migration (Table 4). A significant, but comparatively 
small degree of inhibition resulted from the use of 100 ng. per cc. of 
tyrocidine (Table 5). It is difficult to compare accurately the relative 
toxicity of these agents; however, the results obtained permit the 
conclusion that gramicidin is more toxic than either tyrothricin or 
tyrocidine. For example, 10 ng. per cc. of gramicidin caused a greater 
decrease of migration than 100 fig. per cc. of t;\Tocidine. Furthermore, 
tjTothricin is definitely more toxic than tyrocidine. In Table 6 
appears a summary of the results obtained in the entire group of experi- 
ments included in this study. 

Table 6.— Summary— Ikhibitory Effect of Various Dilutions of Drugs 
ON THE Migration of Macrophages 


Drug 

Amount, 

US. per cc. 

Experi- 

ments 

% inhibition on migration 
ot macrophages 

Control . 


6 

- 4.9 to + 9-5 

Gramicidin . 

. 10 

5 

~36 7 to -67.1 

Gramicidin , 

. . 20 

5 

-40.1 to -77.8 

Tyrothricin . 

. . . 10 

5 

-19.9 to -29.3 

Tyrothricin 

. 100 

5 

-63.2 to -78.4 

TjTocidine . 

... 20 

6 

- 5.9 to 7.2 

Tyrocidine . 

... 100 

5 

- 4.8 to -31.6 


Comment* Present methods of extraction indicate that tyrothricin 
consists of 10% to 20% of gramicidin and 40% to 60% of tjTocidine. 
The results of the present experiments would indicate that the toxicity 
of tyrothricin is slightly greater than one would expect from its theo- 
retical content of gramicidin and tyrocidine. This may be due to the 
fact that not all of the gramicidin is removed by the present methods 
of separation. At any rate, it appears that most of the cj'totoxicity 
of tjTothricin is accounted for bj'' its content of gramicidin. 

It should be emphasized again that the cj^totoxicity of products of 
JS, brems is low compared with that of a number of other germicides. 
This agrees with the absence of deleterious effects on the tissues when 
aqueous suspensions of these substances are used in the local treatment 
of infections. The amount of gramicidin necessary to cause a decrease 
in migration of Ijnnphocj^tes of 20 % to 25 % in 24 hours is 100 /ig. per cc,^ 
On the other hand, onlj’’ 0,5 per cc. of gramicidin will cause com- 
plete hemolj^sis of erji:hrocj"tes suspended in the tissue culture medium 
in the same time.® In spite of their low toxicitj’' for tissues, the prod- 
ucts of jB. brem, gramicidin in particular, are lethal in small amounts 
when injected into the blood stream.^ In addition to the destruction 
of erythrocji:es, there is also the possibility that other cell systems are 
subject to damage, particularly when relatively large amounts are 
given and the animal dies in a few hours. Some of the experiments 
reported by Robinson and Molitor indicate that this might be the case.** 
When smaller amounts are given over a longer period of time as in the 
experiments of MacLeod, Mirick and Curnen, destruction of erythro- 
cytes appears to be an important factor. 
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Conclusions. When the toxicity of the products of B. brevis is deter- 
mined by their ability to inhibit the migration of macrophages from 
the normal rabbit’s spleen in a medium composed of serum, plasma and 
chick-embrj'^o-extract, it appears that gramicidin is most toxic; tyro- 
thricin is next in order of toxicity, and tyrocidine is much less toxic 
than either gramicidin or tyrothricin. The greater part of the cyto- 
toxicity of tyrothricin is accounted for by its content of gramicidin. 
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THE CLINICAL SIGNIFICANCE OF LOUD AORTIC AND APICAL 
SYSTOLIC HEART MURMURS WITHOUT DIASTOLIC MURMURS* 
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The clinical significance of systolic heart murmurs continues to be a 
controversial subject ever since they were identified over 100 years 
ago. In the earlier years of the practice of auscultation, the subject 
of heart disease revolved almost entirely around the presence or absence 
of murmurs which were given paramount significance. At that time 
valve defects occupied a position analogous to that of etiology under 
our present system of diagnosis. Sir James Mackenzie realized the 
fallacy of such an extreme concept with regard to apical systolic mur- 
murs and began a campaign to discourage the idea that systolic mur- 
murs were of fundamental importance as evidence of heart disease. 
This campaign was carried on by his pupil. Sir Thomas Lewis. They 
were so successful in this work that the profession departed radically 
from the original view. Indeed it seems that for the most part physi- 
cians have come to regard systolic murmurs anj’Avhere as of little 
significance. Mackenzie did not believe that systolic murmurs should 
be ignored, since he stated that the systolic murmur is one of the 
common physical findings in heart disease, but he did wish to emphasize 
that the systolic murmur is not usually an important finding. 

So general an acceptance by the profession of the unimportance of 

* Published with the permission of the Medical Director of the Veterans Administra- 
tion, who assumes no responsibility for the opinions expressed or the conclusions drawn 
by the authors. 
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systolic murmurs made it necessary for those interested in heart dis- 
ease to attempt a clarification of the issue. This task has been of even 
greater magnitude than that originally undertaken by Mackenzie, and 
is still far from completed. Our own interest in it has extended over 
a considerable number of years. In 1927 one of us (P. D, W.),® after a 
study of apical systolic murmurs, found that longevity was decreased 
in the presence of loud systolic murmurs, and concluded that the 
prognosis became increasingly grave with the increased intensity of 
the murmur. With added experience since then, the present follow-up 
study was undertaken to include aortic in addition to apical systolic 
murmurs in the absence of diastolic murmurs. The clinical importance 
of the latter is universally acknowledged. 

Material. This report is the result of a follow-up study of private 
cases seen b^^ us 10 or more years ago. We chose those cases who, when 
first seen, had a loud systolic murmur heard best at either the aortic 
or apical area, without a diastolic murmur being present. We under- 
took to determine the status of these patients after an elapsed period 
varying from 10 to 21 years. 

For the present study we included only those cases in whom the 
murmur was recorded as being loud or very loud (Grades 4, 5 and 6 of 
Levine's classification of murmurs). The rigidity of the criteria is 
attested to by the fact that only 273 sucli murmurs were found in the 
records of 6413 cardiovascular cases. Systolic murmurs of slight or 
moderate intensity (Grades 1, 2, and 3 of Levine's classification) were 
omitted; we hope to follow up those at a future date. 

With respect to location, it may be said that all of these murmurs 
were widely transmitted; however, they were included only when it 
was definitely stated that the maximum intensity was either at the 
aortic or apical area. We have- found that loud systolic murmurs 
arising in the aortic valve area are often well heard at the cardiac apex 
but not well heard at the lung bases, while loud systolic murmurs aris- 
ing at the mitral area are well heard at the lung bases but not at the 
aortic area. This is a helpful but little recognized criterion. 

By interviewing the patients personally or by letter, or through the 
patients' ph^^sicians or relatives, we were able to get satisf actor}’' up-to- 
date information concerning 187 of the original 273 patients. Follow- 
up data on the remaining 86 cases were either inadequate or missing. 
There were 72 females and 115 males. The ai^erage age of the group 
at the time of the first examination was 56 years; 49 were under the 
age of 50 when first seen by us. 

The accumulated data were analyzed in sei'cral respects but we were 
particularly interested in prognosis. 

Analysis Relative to Etiology, Sex, and Location of Murmurs, From 
the etiologic point of view we have divided the series into five groups. 
Those patients whose heart disease was caused by coronary arterio- 
sclerosis, hj'pertension, or both, were placed in the so-called degenera- 
tive group. In Table 1 it is evident that the incidence of ^^degenera- 
tive’^ heart disease was much greater than that of any other type. 
One lumdrecl and twenty-four (66.3%) of the 187 cases were placed 
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in this group. As might be anticipated, the age of these patients was 
relatively advanced when first seen. The average age of the group 
was 64 years; only 4 were under 50. 

Forty patients (21.3%) of the series were placed in the rheumatic 
group. The average age of these patients was 35 years when they 
were first seen. Twenty-four (60%) of these gave a definite history 
of rheumatic fever. This is quite comparable to the incidence of 
rheumatic history noted in stenotic mitral valve lesions in patients of 
this age group. 

Table 1. — Loud Systolic Murmurs With Respect to Etiology, Sex and 

Location 


Degenera- Con- 

Sex Location tive Rheumatic genital Luetic Uncertain Total 


Male 

Apical 

73 

' 85 

11 

16 

0 

0 

10 

12 

94 \ 


Aortic 

12 


1 

1 

2 

21 / 

Female 

Apical 

31 

[ 39 

21 1 

i 24 

1 

0 

0 ] 

i 8 

59 1 


Aortic 

8 J 

3J 

0 

0 

2 j 

13/ 


Total 124 40 2 1 20 187 

In 20 patients (10.7%), the etiology of the heart disease was uncer- 
tain. In several cases the uncertainty rcAmlved about the question 
of rheumatic etiology. In some, the presence of multiple etiologic 
factors was confusing and made classification impossible. In a few 
cases no definite cause could be determined. We believe that a con- 
siderable number of the cases in this group were rheumatic in type. 
The average age of the group at the first examination was 49 years. 

In the remaining .two groups there were 2 patients with congenital 
and 1 with luetic heart disease. 

Of the total of 187 patients there were 115 (61.4%) males and 
72 (38.6%) females. The predominance of males was slightly higher 
among those with “degenerative” heart disease than in the group as 
a whole, 68.5% being of this sex. 

In the group of uncertain etiology the incidence of males was 60%, 
while in the rheumatic group only 40% were males. 

When the relative frequency of loud systolic murmurs with maxi- 
mum intensity at the aortic and apical areas was considered, it was 
Found that aortic murmurs were in the minority, only 18.1% of the 
total number being so located. We found that systolic murmurs of 
this intensity at the aortic area unaccompanied by a diastolic murmur, 
were relatively uncommon. Among the 34 patients who had aortic 
systolic murmurs, aortic stenosis was diagnosed 18 times and a ques- 
tionable diagnosis of aortic stenosis was made twice. In 3, the diagnosis 
was made after a considerable period of observation, the murmur being 
considered of maximum intensity at the apex on the first examination 
in 2 of these. A diastolic aortic murmur was recorded terminally in 
1 patient. 

Etiology had no striking effect on the relative frequency of murmurs 
in the two locations. Aortic systolic murmurs constituted 20% of the 
total number noted in both the rheumatic group and the group of 
uncertain etiology. In the degenerative group aortic systolic murmurs 
were found in 16.1% of the patients. Also the relati\-e frequency was 
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not affected by sex since in 18.2% of the males the murmurs was of 
greatest intensity at the aortic area as compared with 18% of the 
females. 

A Study of Mortality. The results of our follow-up study showed 
that of the total of 187 patients^ 155 (82.8%) had died. The remaining 
32 patients were living at the time of our last information, which was 

10 or more years after their initial examination; however, since in some 
cases the last information w^as dated some time before these data were 
assembled some of these persons may have since succumbed. 

The cause of death in the patients is both of interest and of impor- 
tance. We %vere unable to learn the exact cause of death in 13 patients. 
However, facts indicate that in 7 of these death wms probably due to 
cardiovascular disease; no surmise w^as justified in the remaining 6. 
Of the 142 patients in wdiom the cause of death was determined, 131 
(92.2%) died of cardiovascular disease. In 122 (85.9%) death was 
directly cardiac in nature, subacute bacterial endocarditis accounting 
for 7 of these fatalities. There were 9 deaths due to cardiovascular 
disease, though not directly due to the heart. One exitus was caused 
by uremia, and in 8 a cerebrovascular accident w^as the terminal 
event. 

Disease not related to the cardiovascular system was responsible 
for 11 deaths, though heart disease may have been of some secondary 
importance in a few" of these. Postoperative deaths occurred in 3 of the 

11 persons. Pneumonia w"as the cause of death in 3 others, w"hile car- 
cinoma of the stomach, perforated peptic ulcer, liver damage due to 
cinchophen, an automobile accident, and tetanus, each accounted for 
1 death. In Table 2 the known non-cardiac deaths occurring in each 
etiologic group are indicated by figures in parenthesis. 

The fact that 122 (65.2%) of these patients wdth loud systolic mur- 
murs are knowm to have died cardiac deaths indicates the prevalence 
of serious heart disease among these persons. 


Table 2.— Loud Systolic Murmurs. Mortality After 10 and 15 Year 
Intervals According to Etiology 
Etiolosy 



Follow-up 

interval 

Total cases 
followed 

Lmng 

Dead 

Mortality 

(%) 

Degenerative 

. 10 >TS. 

124 

19 

105 

S4.G 


15 yrs. 

119 

2 

(14) 

117 

98.3 

Rheumatic 

. 10 JTS. 

40 

21 

(16) 

19 

47.5 


15 yrs. 

.33 

S 

(3) 

25 

75.7 

Cause . . . 

. 10 yrs. 

20 . 

10 

(4) 

10 

50.0 


15 yrs. 

15 

3 

12 

80.0 

Congenital 

. 10 JTS. 

2 

1 

1 

50.0 


15 >TS. 

1 

0 

1 

100.0 

Luetic 

. 10 yrs. 

1 

1 

0 

0.0 


15 yrs. 

0 

0 

0 

0.0 

Total . , . . 

. 10 yrs. 

1S7 

52 

135 

72.1 


15 yrs. 

16S 

13 

155 

92.0 


Numbers in parentheses indicate those who died of non-cardiac cause. 
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Status After 10 and 15 Year Intervals. It was considered advisable to 
determine the exact, status of these patients at the end of a definite 
follow-up interval. Since the status of all 187 patients was known at 
the end of 10 years, this was taken as one follow-up period, and since 
by coincidence all known deaths occurred within 15 years following the 
initial examination, this was taken as a second follow-up period. Of 
those patients who survived 10 years all trace was lost of 19 before 
15 years had elapsed; therefore, only 168 patients were included in the 
15 year follow-up. In Table 2 the mortality of each etiologic group, 
as well as the total mortality for each of these periods, is indicated. 

By the end of 10 years 135 (72.1%) of the 187 patients followed, had 
succumbed. The mortality among those with degenerative heart 
disease was extremely high, 84.6% having died. Though the death 
rate among those with heart disease of rheumatic and of uncertain 
etiology was less, it was still high, 47.5% of those with rheumatic heart 
disease and 50% of those with heart disease of uncertain etiology hav- 
ing died. 

If those patients who were known to have died non-cardiac deaths 
are eliminated, we find that 73.5% of the degenerative, 40% of the 
rheumatic, and 50% of the group of uncertain etiology died within 
10 years. 

At the end of an elapsed period of 15 years 155 (92%) of the 168 
patients followed were dead. Nearly all (98.3%) of those with degen- 
erative heart disease were dead. Of those patients with rheumatic 
heart disease 75.7% were dead and 80% of those with heart disease of 
uncertain etiology had succumbed. If non-cardiac deaths are elimi- 
nated, the mortality of the degenerative group is reduced to 84.8%, 
that of the rheumatic group to 60.6%, while that of the group of 
questionable etiology is unchanged. 

Since there are included 13 deaths in which the cause was not 
ascertained it cannot be assumed that all deaths other than those 
designated as non-cardiac were due to heart disease. While some of 
these may have died of other causes the number would not be sufficient 
to alter materially the mortality percentages gi^^en after the known 
non-cardiac deaths were deducted. 

Though it is not known how many of those patients with rheumatic 
heart disease would have died cardiac deaths had not death from a 
non-cardiac cause intervened, it seems fair to conclude that loud systolic 
murmurs of rheumatic etiolog.y have a somewhat better prognosis. 
We believe that there are several reasons for the marked difference in 
mortality between the degenerative and the rheumatic types of heart 
disease. First, the course of degenerative heart disease is usually 
shorter than that of the rheumatic t>q)e. The fact that the average 
age of those with rheumatic heart disease was nearly 30 years less than 
that of the degenerative group also had a marked influence on the 
death rate. We believe that a more important reason, and one closely 
related to the presence of the murmur itself, is that loud systolic mur- 
murs in the apical region in those with degenerative heart disease arc 
due to relative mitral insufficiency, cardiac hypertrophy and dilatation 
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being both more frequent and more marked. The serious impairment 
of cardiac reserve which this implies is reflected in the mortality of 
the group. 

Table 3.— Loud Systolic MuRinjBs. The Relation of Sex and Location 
OF THE Murmur to Mortality 



Elapsed 

interval 

Total 

Alive 

Dead 

Mortality 

(%) 

Male: 

Apical . 

10 >TS. 

94 

21 

73 

77.6 


15 yrs. 

87 

7 

80 

91.9 

Aortic . 

10 JTS. 

21 

4 

17 

SO. 9 


15 3TS. 

20 

1 

19 

95.0 

Total 

10 yrs. 

115 

25 

90 

78.2 


15 >TS. 

107 

8 

99 

92.5 

Female: 

Apical 

10 yrs- 

59 

19 

40 

67.6 


15 jnrs. 

50 

4 

46 

92.0 

Aortic 

10 3TS. 

13 

S 

5 

38. 4 


15 yrs. 

11 

1 

10 

90.9 

Total 

10 yrs. 

72 

27 

45 

62.5 


15 yrs. 

61 

5 

56 

91,8 


Eelation of Sex and Location of the Murmur to Mortality. In Table 3 
mortality for both 10 and 15 year follow-up periods is considered wth 
respect to the sex of the patient and the location of the murmur. 

At the end of 10 years the males had a death rate considerably higher 
than the females, 78.2% as compared to 62.5% having died. By the 
end of 15 years this difference had disappeared, the mortality among 
the females was 91.6% and for the males 92.5%. 

It is evident that in this series the 10 year e.xpectancy of females 
was definitely better than that for males. This existed irrespective of 
the location of the murmur though the difference was more marked in 
those with aortic murmurs. In females with aortic murmurs only 
38.4% succumbed within 10 years, while 80.9% of the males died. 
In those patients with apical murmurs the mortality among females 
was 10% less than that for the males. 

l\Tien the relation of the location of the murmur to mortality was 
considered it was found that during the first 10 years the death rate 
was higher for those with apical murmurs than for those with aortic 
murmurs. Of the 153 patients, 113 (73.8%) with apical murmurs 
had died, while only 22 (59.6%) of the 34 patients with aortic murmurs 
had succumbed. However, as with the factor of sex, by the end of 
15 years this difference had been erased. At the end of this period 
91.9% of those with apical murmurs and 92.9% of those with aortic 
murmurs were dead. 

In view of the high mortality among these patients it is pertinent 
to comment on the longevity. Among those with degenerative heart 
disease only 2 died under the age of 50. All others were known to 
have lived beyond this age. Of the 40 patients, 16 with rheumatic 
heart disease lived beyond 50 years of age. In 10, death came after 
this age, while 6 were living beyond 50 when last heard from. Death 
came before the age of 50 to 15, while 9 were living at an age less than 50. 

Among the cases with heart disease of unknown etiologj', 6 of the 
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12 deaths occurred after 50, while 5 of the patients were known to 
have been living beyond this age. Six patients died before they 
reached 50, while 3 were living at an age less than 50 at the time of our 
last information. The one patient with luetic heart disease was living 
beyond the age of 50, while 1 patient with congenital heart disease 
was living at less than this age when last heard from. The other 
case of congenital heart disease died before reaching 50. 

In summary, of the 187 cases, 150 lived beyond 50 years of age, 13 
were living at an age under 50, while onlj^ 24 of the 155 deaths occurred 
before 50. 

Two facts regarding those patients who were living at the end of the 
two follow-up periods are worthy of mention. First, as to etiology 
of those 52 who survived 10 years, 21 were rheumatic, 19 were degen- 
erative, 10 of questionable etiology, 1 congenital and 1 luetic. Among 
the 13 patients who survived 15 years, 8 were rheumatic, 2 were degen- 
erative, and 3 were of questionable etiology. Secondly, the average 
age at the time of the first examination for those who survived 10 years 
was 42, while the average was 37 for those who survived 15 years. 
This seems significant in view of the fact that the average age for the 
group as a whole was 54 years. 

The Relation of Heart Size to Mortality in Patients With Loud Systolic 
Murmurs. Heart size is established as one of the most important 
determinations in the practice of cardiology, likewise there has been 
much attention paid to the correlation of heart size and prognosis. It 
is generally accepted that the greater the degree of cardiac enlargement 
the more grave is the outlook. 

As previously stated of our total group of 187 cases, 155 are known 
to have died while 32 were living at the time of our last information 
10 or more years after first being seen. In Table 4 we have shown the 
relation of heart size to mortality and also have included the factors 
of location of the murmur and etiology of the heart disease present. 

Table 4. — The Relation of Heart Size to 15 Year Mortality in Patients 
With Loud Systolic Murmurs 

No Slight Moderate Marked 

enlargement enlargement enlargement enlargement 



Dead 

Living 

Dead 

Living 

Dead 

Li\nng 

Dead Living 

Degenerative: 

Apical . 

18 

2 

23 

1 

33 

2 

25 

0 

Aortic . 

8 

1 

2 

0 

5 

0 

3 

1 

Rheumatic : 

Apical . 

7 

9 

9 

4 

2 

0 

1 

0 

Aortic 

3 

1 

1 

1 

1 

0 

1 

0 

Unknown: 

Apical 

5 

4 

2 

2 

2 

1 

0 

0 

Aortic 

0 

1 

0 

0 

2 

0 

1 

0 

Congenital : 

Apical , 

0 

1 

0 

0 

0 

0 

0 

0 

Aortic . 

1 

0 

0 

0 

0 

0 

0 

0 

Luetic: 

Apical . 

0 

0 

0 

0 

0 

0 

0 

0 

Aortic . 

0 

1 

0 

0 

0 

0 

0 

0 


, — 

— 

— 

- 

— • 

- 

— 


Total patients 

42 

.20 

37 

8 

45 

3 

31 

1 

Mortality, % 

67 

7 

82 

2 

93. 

.7 

96 8 
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In the older patients with degenerative heart disease heart size had 
little bearing on the high mortality which was present in this group. 
However, when it is considered that 5 of the deaths among those wth 
normal heart size were non-cardiac and in 7 others the cause of death 
was not determined, it indicates that normal heart size probably por- 
tends a better prognosis. 

This is even more striking among those with rheumatic heart disease 
and normal heart size. While one-half of these people are dead, only 
3 of the 10 deaths were due to heart failure. Subacute bacterial endo- 
carditis accounted for 3 and 4 died of non-cardiac causes. There was 
apparently a definite relationship between heart size and mortality 
among those patients with rheumatic heart disease. This relationship 
seems to be present among those with heart disease of unknown etiologj' 
though the number is small. Among the 5 deaths occurring.in patients 
with normal heart size, the cause was not knovm in 2. 

Though the number of patients with aortic murmurs is too small for 
a definite conclusion, our findings would indicate that the rather poor 
outlook is relatively unaffected by the heart size when the patient is 
first seen. 

The summary of mortality per cent at the bottom of Table 4 shows 
a definite increase in mortality with increasing heart size. This is even 
more striking when it is pointed out that only 21 of the 42 deaths 
among those with normal heart size were known to be due to cardiac 
failure. It would seem that a normal heart size justifies a better 
prognosis, this being particularly true if the heart disease is of rheu- 
matic etiologj’. 

Distribution of Deaths. It has been mentioned previously that all 
of the 155 deaths known to have taken place occurred within 15 years. 

In Table 4 the distribution of these deaths has been indicated, ex- 
pressed in per cent of total deaths occurring during each year. It will 
be noted that the exact date of death was unknown in 7 cases; however, 
3 of these were known to have died within 10 years, and the other 4 
within 15 years of the first examination. 

Seventy-four (47.7 %) of the deaths occurred within the first year. 
Sixty (81%) of these were among the degenerative group, 13 (17.5%) 
had rheumatic heart disease, and in 1 the etiologj’ of the heart disease 
was unknown. 

When the total number of cases in each etiologic group is considered 
there is no appreciable difference in mortality between the degenerative 
and rheumatic tj^pes of heart disease during the first year, 51.9% of 
the degenerative and 52% of the rheumatic deaths having occurred 
then. By the end of 3 years 70.8% of the total deaths had been ac- 
counted for; 73.5% of the deaths of the degenerative group, 64% of 
the rheumatic, and 50% of those of the group of uncertain etiology had 
taken place. In succeeding years the mortality was greatly diminished. 

The occurrence of such a large per cent of the deaths within 3 years 
and of only 8 of these knonm to be non-cardiac in nature, indicate the 
severity of the heart disease which existed among these patients. 
The fact that most of these patients were seen in a consulting cardiac 
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practice may have some bearing since consultation is most usually 
obtained for patients who are regarded as having a serious disease. 
This earlj'^ mortalit}'^ cannot be entirelj'^ accounted for on this basis, 
however, since a considerable number of those who died relatively 
early had mild or no symptoms when first seen. It is interesting to 
note that the majority of the non-cardiac deaths, 12 of the 20, occurred 
after 3 years had elapsed. 


Table 5. — Loud Systolic Murmurs, Distribution of Deaths by Years 

AND Etiology 


Survival 

Degen- 

Rheu- 

Unknown 

Con- 


Deaths 

period 

erative 

matic 

cause 

genital 

Luetic Total 

(%) 

Total deaths 

. 117 

25 

12 

1 

0 155 

100 0 

Died within 1 yr. . 

60 (3) 

13 (1) 

1 

0 

0 74 

47 7 

1 to 2 . . . 

14 

3(1) 

3 

1 

0 21 

13.5 

2 to 3 , . . 

12 (3) 

1 

2 

0 

0 15 

9 6 

3 to 4 ... 

3(1) 

1(1) 

1 

0 

0 5 

3 2 

4 to 5 ... 

5 

0 

0 

0 

0 5 

3 2 

5 to 6 . . . 

. ■ 3 (3) 

0 

1 

0 

0 4 

2 5 

6 to 7 ... 

2(2) 

0 

1 

0 

0 3 

1 9 

7 to 8 ... 

2(1) 

0 

0 

0 

0 2 

1.2 

8 to 9 . . . 

0 

1 

0 

0 

0 1 

1 6 

9 to 10 ... 

2(1) 

0 

0 

0 

0 2 

1 2 

? date .... 

2 

0 

1 

0 

0 3 

1 9 

Total at 10 yrs. 

. 105 

19 

10 

1 

0 135 

87 0 

10 to 11 . . . 

6 

4 

1 

0 

0 11 

7 0 

11 to 12 ... 

3(1) 

0 

0 

0 

0 3 

1 9 

12 to 13 ... 

0 

0 

0 

0 

0 0 


13 to 14 . . . 

0 

0 

0 

0 

0 0 


14 to 15 . . . 

1(1) 

0 

1 

0 

0 2 

1 2 

? date .... 

2 

2(1) 

0 

0 

0 4 

2 5 

Number in parentheses indicates patients who died of non- 

-cardiac causes. 



Consideration of Various Factors in Relation to Prognosis. It would be 
valuable if certain factors could be determined which would aid in the 
prognosis of the individual case. With this in mind a comparison was 
made between some of the characteristics of those patients who died 
and those of a group of patients who, when last heard from, were living 
with either mild or no cardiac symptoms 10 to 21 years after they 
had come under observation. There were 28 such patients still alive; 
4 others were eliminated because of the severity of their symptoms. 

The average elapsed time from the date of the first examination was 
13.8 years for the 28 cases. 

Age again appears to be an important factor since the average age 
of these patients was 33.9 years when first seen. Ages varied from 
3 to 69 years, there being 4 patients over 50, and 7 under 20. When 
compared with the average age of 60 for those patients who later died, 
there is a marked difference. 

Fifteen of those living were males, while 13 were females. This is a 
somewhat higher proportion of females than was present among the 
patients who died. 

Rheumatic etiology also is again emphasized in this comparison. 
Only 16.1% of those who died had this type of heart disease, while it 
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was present in 46.4% of those who were living. Heart disease of 
unknown etiology was present in 25%, and degenerative heart disease 
in only 21.4%. There was 1 case of luetic and 1 of congenital etiology. 
The incidence of ‘‘ degenerative heart disease among those who died 
was 75.4%, while 7.7 % had heart disease of unknovm etiology. 

Heart size would appear to be of some value in prognosis since only 
8 of the 28 living patients had enlarged hearts when first examined, 
while 72.9% of those who died showed enlargement. Furthermore 
only 1 of the survival group had more than slight enlargement, while 
of those who died 31 showed marked enlargement, 45 moderate, and 
37 slight enlargement, 42 no enlargement. ^^Tiile cardiac enlargement 
of more than slight degree is an ominous prognostic sign, normal 
cardiac size does not give much assurance since in about one-fourth of 
those in this series who died cardiac size had been normal. 

With respect to the characteristics of the murmurs in the two groups, 
tirere was only one difference noted. Masking of the first sound at 
the point of maximum intensity of the murmur was noted only once 
in the living, while it was not an uncommon finding in those with 
apical murmurs w'ho died. In other respects the description of the 
murmurs in the two groups was widely variable except that all murmurs 
were uniformly loud and of long duration. 

In 14 of the living patients a detailed description of the murmur was 
given at the time of the last examination. In 9 the murmur was 
unchanged and in 2 the murmur of mitral stenosis had developed. 
In 1 case the murmur was described as being of moderate intensity 
after 15 years. Two young men were accepted for service in the 
armed forces during the present emergency, indicating a probable 
decrease in the intensity of the murmurs. There was no case in which 
the murmur was known to have disappeared. The development of 
diastolic murmurs was apparently rare in this series of cases, being 
recorded in 4 w^ho later died, in addition to 2 instances mentioned 
previously” however, detailed descriptions of the murmurs were not 
frequently enough recorded terminally for us to be certain of this point. 

The location of the murmur had no significance in prognosis so far 
as these two groups of cases were concerned since the murmur was 
apical in location in 78.6% of the patients who were living, and in the 
same location in 81.3% of those who died. 

Palpable thrills were recorded in 23 of the 187 cases when first 
examined and were noted later in 2 cases. The thrill was at the apex 
in 9, and at the aortic area in 16. Among the 28 patients who were 
living there were 5 who presented thrills, 3 at the apex and 2 at the 
aortic area. It thus happens that thrills were proportionally more 
frequent among tlmse patients who were living. 

It must be concluded that there was found no great basis for accurate 
prognosis, but rather simple trends. Among those w^ho succumbed 
within 10 years, the male sex predominated. It is apparent too that 
the younger the patient, the greater number of years he may be 
expected to survive. Also, closely related to age, is the fact that 
rheumatic etiology^ gave a somewhat better outlook. So far as physical 
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findings are concerned, masking of the first heart sound by the murmur 
and more than slight cardiac enlargement were unfavorable findings 
when present. Cardiac symptoms were absent or of insignificant 
character in all of those patients in the living group when first seen. 
Confidence in prognosis is not firmly established by our findings, how- 
ever, since patients not uncommonly died relatively early in whom 
there were no apparent characteristics which would indicate early 
death. 

Further Discussion. It has been the consensus during recent years 
that systolic murmurs cannot be dismissed as unimportant. Levine® 
considered all loud systolic murmurs as indicative of cardiovascular 
disease. Later Freeman and Levine^ concluded that nearly all mur- 
murs of “Grades 3 and 4” intensity were associated with organic heart 
disease. Scott^ states that a systolic murmur in a person over 40 years 
of age should always be suspected as a sign of heart disease. 

Statistics accumulated by insurance organizations have contributed 
mueh to support this concept. Starr® found that persons having a 
transmitted apical systolic murmur had a death rate times the 
normal. With a history of previous infection this was increased to 
15 times the normal death rate. The death rate was 12 times the 
expeeted normal in persons having a transmitted aortic systolic mur- 
mur. Cardiac enlargement was found further to increase the mortal- 
ity rate. 

Hunter® in a study of the relation between cardiac murmurs and 
death rate obtained some very impressive results. The death rate 
was at least double the expected normal in persons who had a constant 
apical systolic murmur which was transmitted to the left. If, in 
addition, there was slight cardiac enlargement the extra mortality 
over normal was 134%, and if moderate enlargement was present the 
extra mortality was 376% over normal. The constant transmitted 
aortic systolic murmurs were associated with an increase in mortality 
of 157% above normal. In cases of cardiac enlargement of mild or 
moderate degree without murmurs, the death rate was 88% above the 
expected normal. 

In the present series of cases the decrease in longevity found in 
association with loud systolic murmurs was greater than we had antici- 
pated. The degree to which longevity was affected in patients who 
suceumbed is illustrated by the fact that the average length of life 
after the first examination was 39.2 months in the rheumatic group, 
31.5 months in the degenerative group, and in the group of uncertain 
etiology, 67.2 months. 

From our experience it seems that systolic murmurs of this intensity 
are almost certainly associated with cardiovascular disease. While 
such factors as anemia, pregnancy, hyperth\Toidism, and neurocircula- 
tory asthenia give rise to systolic murmurs, it is doubtful if tlie;^" often 
become as loud as the murmurs we are discussing. In only 1 case in 
this series was there an extra cardiovascular factor which might have 
been of significance. In 1 female, who had definite organic heart 
disease, the question of th^Totoxicos^s arose. She expired postopera- 
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tively in a distant hospital following thyroidectomy. It seems very 
improbable that the endocrine disease, if present, was of any importance 
in causing the murmur. 

Although a loud systolic murmur of rheumatic etiologj' in a relatively 
young individual with no cardiac symptoms usually has a relatively 
good prognosis, examination of those patients who have died shows 
that the practical application of this conclusion is limited, principally 
by the tendency to subacute bacterial endocarditis. However barring 
the occurrence of subacute bacterial endocarditis such a murmur may 
exist in a young individual for years without impairing health and 
may even decrease in intensity. But the fact that 6 (24%) of all 
deaths in oim rheumatic group were due to subacute bacterial endo- 
carditis indicates the hazard w'hich these people face even though 
cardiac compensation is well maintained. In the degenerative group 
death not uncommonly occurred relatively earty even though sjnnp- 
toms w'ere not more than mild when the patients were first seen, and 
both appreciable cardiac enlargement and masking of the first sound 
were absent. 

There was not a sufficient number of electrocardiograms or post- 
mortem examinations in this series to make analysis of them worth- 
while. 

It seems that the observation made by one of us (P. D. W.) in 1927, 
that the seriousness of the systolic murmur is directly related to its 
intensity, is supported by this study, but for final conclusions a follow- 
up analysis of cases with systolic murmurs of slight to moderate 
intensity is also needed ; this other study we hope to carry out when the 
war permits. 

Summary. Determination of the status of 187 private patients who 
showed loud systolic murmurs, best heard at either the apex or aortic 
area, Avithout diastolic murmurs, 10 to 21 years after they AA'ere first 
e.xamined resulted in finding that 155 (82.5%) Avere dead. Death 
AA'as due to heart disease in 122 (78.7 %). 

Seventy-four (47.7 %) of all deaths occurred Avithin a year after the 
first examination, AA'hile 110 (70.8%) of the deaths occurred AA-ithin 
3 years. 

The outlook for the younger patients Avith rheumatic heart disease 
AA-as soraeAA'hat better than for those Avith heart disease of “degenera- 
tiA-e” or uncertain etiology. In spite of the high death rate only 24 
of the 155 deaths occurred under the age of 50. The death rate A\'as 
loAA'er among females for the 10 year period but equaled that of the 
males by the end of 15 years. Of the deaths among those AA-ith rheu- 
matic heart disease, 24% AA-ere due to subacute bacterial endocarditis- 
Those AA’ith larger hearts had a higher mortality. Despite these prog- 
nostic trends, hoAvever, it is impossible to predict Avith any high degree 
of assurance the course of any particular case. 

An interesting and important obserA'ation is that some cases origin- 
ally diagnosed as having mitral regurgitation because of a loud apical 
systolic murmur AA-ere later found to haA-e aortic stenosis AA'hich m the 
course of 10 or 15 years tended to precipitate abrupt left ventricular 
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failure (acute pulmonary edema). The clue to these cases lies in the 
fact that the loud, somewhat harsh systolic murmur heard at the apex 
is also heard at the aortic valve area, although perhaps less loudly. 
The murmur is primarily an aortic systolic murmur well transmitted 
to the apex as well as into the neck vessels ; a mitral regurgitant mur- 
mur is often well heard at the lung bases (and in the left axilla) but 
not at the aortic valve area. 

It is evident that loud systolic murmurs at the cardiac apex or aortic 
valve area are clinically important even in the absence of diastolic 
murmurs and of well-marked cardiac enlargement. 
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MAGNESIUM SULFATE IN PAROXYSMAL TACHYCARDIA* 

By Linn J. Boy^d, M.D., F.A.C.P. 

AND 

David Scherf, M.D. 

NEW YORK, N. Y. 

(From the Department of Medicine, New York Medical College, Flower and Fifth 
Avenue Hospitals [Metropolitan Hospital Service]) 

Although the cardio-inhibitory action of magnesium salts has been 
known for a long time,^-^'® it is rarely employed for therapeutic pur- 
poses in cardiac disease. Beneficial effects should be expected in 
disturbances resulting from augmented myocardial irritability or 
increased stimulus formation. 

In 1930, Seekles employed magnesium chloride intravenously to 
prevent arrhythmias evoked by intravenous injections of calcium 
chloride, given to cows suffering from milk fever or grass staggers 
(grass tetany). The combination of magnesium chloride and calcium 
chloride yielded better results. In 1935 Zwillinger recommended 
magnesium sulfate by vein for the treatment of premature contractions 
and paroxysmal tachycardias. A patient lost consciousness and ap- 
peared dead when many multifocal extrasystoles and ventricular 
fiutter occurred after the intravenous injection of 0.25 mg. of strophan- 
thin; an intracardiac injection of 10 cc. of a 15% solution of magnesium 
sulfate revived him, the flutter subsiding and the extrasystoles vanish- 
ing for a short time. On the basis of this e.\perience the autlior 
employed 10 to 15 cc. of a 15% solution of magnesium sulfate, in 
1 instance even 10 cc. of a 30% solution, in patients suffering from 
paroxysmal auricular tachycardia; in all cases the tachycardia imme- 

* Aided by a Grant from tlie Council on Pharmacy and C}iemistr>% The American 
Medical Association, 
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diately stopped and sinus rhythm was restored. No effect was ob- 
tained with this remedy in 3 cases of auricular flutter and 2 of auricular 
fibrillation. 

Medical literature is relatively silent on the therapeutic effect of 
magnesium salts on paroxysmal tachycardia. On the basis of animal 
experiments, Smith, Winkler and Hoff state that "it seems ratlier 
doubtful whether the small doses recommended have much effect on 
cardiac rhythm.” The present paper reviews our experience with 
11 patients treated by an intravenous injection of magnesium sulfate. 


Table 

No, Name 

1 W.H. 

2 D,H. 

3 V. J. 


4 J.G. 


5 H. S. 

0 M.W, 

7 B, W. 

8 V. K. 

9 M, A. 
10 D.S. 
U B. O. 


1. — Results of Intravenous Injections of Magnesium Sulfate 


Age 

72 

60 

52 


53 


52 

39 


42 


70 

60 


27 


51 


Clinical Type of Dosage of Effect on Changes after 
diagnosis tachycardia* MgSO* tachycardia injection 


Cor. scl. 

p.a.t. 

Cor. scl. 

p.v.t. 

Hypert., aiiric. 


fibril. 


Gen. arterioscl. 

p.a.t. 


Hypert., hemi- 
plegia 


20 cc. of 20% sol. -f 

10 cc. of 10% sol. — 
20 cc. of 10% sol. -f 

tC ti (C (( 

20 cc. of 20% sol. + 


+ 

+ 


Ventricular extra- 
systoles 


Prolongation of P-R, 
ventricular extra- 
systoles 

Prolpngation of P-R 


Pericard., Myo- a.f. 
card. 


Luetic aortitis 

p.a.t. 

“ 

ti 

a 


Rheum, mitral 

p.a.t. 

20 

cc. of 

10% sol. 

-- 

lesion 


20 

cc. of 

20% sol. 




<< 

II II 

II II 


Luetic aortic 

p.a.t. 

15 

cc, of 

10% sol. 

-- 

insuf. 


20 

cc. of 

10% sol. 

- 


H it it II 


Alteration of flutter 
waves and a.v. 
conduction dis- 
turb., ventricular 
extrasystoles 


Prolongation of P-R 
Prolongation of P-R 


Rheum, mitral p.v-t. 
lesion 

Rheum, mitral p.a.t. 
lesion 

No organic ht. p.a.t. 
dis. 

No organic ht. p.a.t. 
dis. 


♦ p.a.t. = paroxy’smal auricular tachycardia; p.v.t, - paroxysmal ventricular tachy- 
cardia; a.f. — auricular flutter. 


Observations. The results are summarized in Table 1. Twenty 
injections were given to 11 patients whose age varied between 27 and 
72. Most of them had organic heart disease and some severe decom- 
pensation. Eight had paroxysmal auricular tachycardia, 2 paro.xys- 
mal ventricular tachycardia and 1 auricular flutter. Excluding the last, 
success was obtained in 6 of the 10 patients with paroxysmal tachy- 
cardia. In 1 instance each of 4 attacks was abolished by magnesium 
sulfate. Failures were limited to those individuals who received a 
10% solution although this concentration sufficed for 1 patient with 
paroxysmal ventricular tachycardia and once in a case of paroxysmal 
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auricular tachycardia. Increases of volume of the solution seemed less 
important in obtaining good results than an increase of concentration. 

All patients complained of a sensation of intense heat immediately 
following the injection and most of them perspired and became flushed 
some complained of dizziness; nausea was frequent but vomiting was 
rare. General weakness was frequently noted for a short time after 
the injection. 

In most cases the tachycardia ceased just before the injection was 
completed or immediately thereafter. Usually the attack stopped 
suddenly without any change in the electrocardiogram. This is evi- 
dent in Figure lA (Case 6). In this instance an auricular tachycardia 
with a rate of 186 disappeared during the injection of 20 cc. of a 20% 
solution of magnesium sulfate. If the effect is not immediate, none 
should be expected afterwards. In this respect the effect of magne- 
sium sulfate resembles that of quinine or quinidine administered by the 
same route since the latter also acts at once or not at all. This also 
emphasizes the importance of the concentration. 



Fig. 1 . — A shows the effect of an intravenous injection of magnesium sulfate in a case 
of paroxysmal auricular tachycardia; B shows a prolongation of the auriculo ventricular 
conduction time and ventricular extrasystoles immediatelj’’ after the injection of this 
agent in a case of paroxysmal auricular tachycardia; in C, a paroxysmal ventricular 
tachycardia disappears after the intravenous injection of magnesium sulfate. 


In 3 patients the auriculo ventricular conduction time of the sinus 
rhythm was lengthened immediately after the attack. The prolonga- 
tion amounted to 0.02 to 0.05 second and persisted for a few seconds. 
This is exemplified by Figure IB (Case 3). In this case of paroxysmal 
auricular tachycardia, each of 4 attacks were abolished by an injection 
of 20 cc. of a 20% solution of magnesium sulfate. The prolongation 
of the P-R interval however appeared only twice. A similar prolonga- 
tion of the auriculoventricular conduction time was obser\’ed after 
1 injection in Case 4 and 1 in Case 6. 

Ordinarily the attack subsided abruptly without intermediate changes 
of rate or rhythm. In 3 cases, however, the rafe of the tachycardia 
gradually slowed before it disappeared. In Case 3 it fell from ISS to 
153 after each of 2 injections; in Case 5 it changed from 171 to 111 
and in Case 6, 1 injection caused it to fall from ISl to IGG in 1 attack 
and from 193 to 176 in another. 
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Ventricular extrasystoles were noted after the injection (Fig. 1J5) m 
3 instances (Cases 1, 3 and 4). In 2 of them paroxysmal auricular 
tachycardia was present while auricular flutter was present in the other. 
In none of these cases were the ^■ent^icular extrasystoles of a type ever 
recorded in these patients previously. 

The action of magnesium sulfate in a case of ventricular tachycardia 
is seen in Figure 1C. This 50 year old patient suffered from coronary 
sclerosis and auricular flbrillation. The first part of Figure 1C shows 
the ventricular tachycardia before, and the second part the fibrillation 
with single ventricular extrasystoles immediately after the injection 
of 20 cc. of a 10% solution of magnesium sulfate. 


A 

B 


C 


Fig. 2,— 'The tracings (Lead II), show the changes in the form of the F waves, ventricu- 
lar extrasj'stoles and increased auriculoventricular block after the injection of magnesium 
sulfate in a case of auricular flutter. 

The injection of 20 cc. of a 20% solution of magnesium Sulfate did not 
produce any change in the flutter mechanism or the flutter rate in 
the single trial in this series. The shape of the F waves changed 
slightly presumably due to an intra-auricuJar block and the continuous 
2 : 1 auriculoventricular block changed to a variable block with short 
periods of 4:1 block. This patient also had ventricular extrasystoles 
only when tlie magnesium preparation was gi^'en. TJie regular flatter 
with 2:1 block before the injection is evident in Figure 2/1; Figure 2B 
and 2C show the changes in the F waves, the greater auriculoventricu- 
lar block, and a ventricular extrasystole shortly after the injection. 
The electrocardiogram reverted to the appearance of Figure 2/1 within 
4 minutes- 

Discussion. The initial treatment of any attack of paroxysmal 
tachycardia should consist of a trial of the various vagal reflexes since 
these simple measures suffice to abolish the attack in a large percentage 
of the cases. Medicinal therapy is justified only when these reflexes 
(carotid sinus, bulbar, gag reflex, the Valsalva experiment) prove 
useless. ^loreover the oral administration of quinidine is often suc- 
cessful although several hours or a few days may lapse before the result 
is obtained. It is not unusual, however, to encounter individuals who 
do not tolerate drugs of the quinine group although the attack must be 
abolished immediately owing to the development of severe anginal 
pain,’- decompensation, or for some other reason. While the intra- 
venous injection of quinine (quinidine) often yields an immediate and 
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satisfactory response, it is not always innocuous;^ untoward symptoms 
have also appeared after the injection of mecholyld'’ Therefore, the 
intravenous use of magnesium sulfate merits a definite place among 
these drugs in the medicinal management of these disorders. 

The effect of bivalent electrolytes on cardiac automatism and 
stimulus formation varies markedly. Barium causes a A'^ery pro- 
nounced and stormy increase of stimulus formation; calcium acts 
similarly but is weaker and the action becomes evident only after 
much larger doses. Magnesium is antagonistic to calcium and inhibits 
stimulus formation; it disappears quickly from the blood but increased 
amounts cannot be recovered from the heart after an injection. Never- 
theless a cumulative effect has been reported after injections are 
repeated at short intervals so that caution should be exerted in regard 
to dosage, if a second injection is given after a short interval.^ 

The appearance of extrasystoles under the influence of an inhibitory 
drug such as magnesium does not seem to have been previously 
observed in man but has been reported in the experimental animal.'* ® 
The paradoxic occurrence of extrasystoles and even parox.ysmal tachy- 
cardias after the administration of substances which ordinarily suppress 
them is a common observation; digitalis, potassium and quinine in 
moderate doses suppress extrasystoles while excessive amounts may be 
responsible for extrasystoles and even ventricular fibrillation. 

The development of disturbed auriculoventricular conduction follow- 
ing administration of magnesium salts had to be anticipated on the 
basis on its depressing action and has been observed in animals. “ In 
our patients it lasted only for a few seconds when the concentration of 
magnesium in the blood was high. While auriculoventricular conduc- 
tion disturbances may be seen during or immediate!}" after a tach}- 
cardia when the conduction system is fatigued, the obser^"ation of a 
similar disturbance during flutter, at the height of the magnesium 
effect, indicates that this must be attributed to the drug itself. 

No untoward effects were encountered in our series. Some obser\ - 
ers have employed a 30% solution without any accident.** *® Winkler, 
Smith and Hoff report a fatality after the injection of 30 cc. of a 25% 
solution without providing any details.*® However, magnesium salts 
have often been given in concentrations of 10% to 30% by other 
workers for coronary sclerosis, angina pectoris and so forth witliout 
evil results. We would hesitate to employ the drug when marked 
myocardial damage is obvious, marked intraventricular conduction 
disturbances or gallop rhythm are present. Since the concentration in 
which the drug reaches the heart is important for the accomplishment 
of an effect, the injection should not be given too slowly; theoretically 
injection of higher concentrations might damage the heart if it is given 
too rapidly so that a moderately rapid injection is suggested. About 
30 seconds should be taken for the injection. The employment of 
15 to 20 cc. of a 20% solution promises greater success than larger 
volumes of a 10% solution. No important change of sinus rhythm 
followed the amounts given by us. The difference of response of 
a normal automatic center and an abnormal extrasystolic center is a 
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matter of common observation and the difference in doses necessarj- 
for dogs and man has been previously emphasized.® 

TSTiile we can confirm the observation that digitalis extrasystoles 
are abolished by magnesium sulfate, the effect lasts only for a few 
minutes.'® Perhaps some paroxj’^smal tachycardias of multifocal origin 
wdiich appear after large doses of digitalis or injections of strophanthin 
and which, unfortunately, sometimes change into ventricular fibrilla- 
tion may be influenced by injections of magnesium sulfate whereby a 
dangerous accident might be averted. 

Conclusions. The effect of intravenous injections of magnesium 
sulfate in 10 cases of paroxysmal tachycardia and 1 case of flutter was 
studied. 

The injection of a 10% solution was beneficial in 3 out of S attacks, 
while a 20% solution succeeded in 8 out of 8 attacks. Consequently 
the use of a 20% solution is advocated. 

Disturbances of conduction and ventricular extrasystoles appear 
for a short time after the injection. The rate of the paroxysmal tachy- 
cardia frequently diminishes before the tachycardia disappears. 

In the doses and wdth the indications discussed, the intravenous 
injection of magnesium sulfate may be recommended as a useful thera- 
peutic procedure in paroxysmal tachycardias. 
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CRITERIA FOR DIFFERENTIATING DEEP (h ELECTROCARDIO- 
GRAMS FROM NORMAL AND CARDIAC SUBJECTS* 

By Milton ISIazer, M.D. 

AND 

John A. Reisinger, 

WASHINGTON, D, C. 

(From the Cardiovascular Research Unit, Veterans Administration Facility) 

Pardee" proposed criteria for evaluating the significance of a Q wave 
in Lead III of the electrocardiogram (Ecg) and a number of workers 

♦ Published with the permission of the Medical Director of the Veterans Administra- 
tion, who assumes no responsibility for the opinions expressed or the conclusions drawn 
by the authors. 
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on the basis of his criteria have reported the incidence of significant 
Qa waves in individuals with diseased and normal hearts. It is gener- 
ally recognized that such Qa waves occur with much greater frequency 
in individuals with heart disease than in normal persons. The Ecg’s 
of patients with heart disease present significantly deep Qa waves in 
from 4.4% to 15% of various series,^ while only 0.47% of tracings 
from a series of 1694 normal individuals collected from the literature 
showed this finding.i’^’^’®'“-i3.i5 Significantly deep Qa waves are most 
often associated with arteriosclerotic heart disease and in particular 
with myocardial infarction.^“-i2,i9 When a deep Qa wave appears in 
the Ecg of individuals without apparent heart disease the interpreta- 
tion of the finding may be a cause for confusion. It is known that 
factors causing the heart to assume a more transverse position will 
often produce a deep Qa wave in the Ecg. This is true whether the 
heart is in the transverse position normall}^^® or as a result of preg- 
nancy,“’^® ascites or gaseous abdominal distention, pneumoperito- 
neum,® or pulmonary disease.® Deep inspiration which depresses the 
diaphragm causes the Qa to become less deep in such cases^'^ and relief 
of abdominal distention or ascites®” often results in the disappearance 
of the deep Qa. Precisely how cardiac position effects this change in 
the Ecg and whether other factors may act similarly are not known, 
although the practical fact remains that a deep primary negative 
deflection in QRSa is not necessarily evidence of myocardial damage. 

The question naturally arises as to whether a deep Q wave has the 
same origin and meaning as a small Q wave in Lead III. Shookhoff 
and Douglass^^’^® investigated the problem by studying the time 
relationship of normal and deep Q waves. They found that all of 
the Q waves in limb leads in normal tracings corresponded in time with 
reasonable accuracy. In tracings with significant Qa waves the time 
occupied by the ^ wave was not identical with that of Qi and Qa. 
In most instances the Qa corresponded in time with parts of Ri and Ra. 
Bayley^® suggested the use of the prolongation of Qa as a test of its 
significance. 

Attempts have been made to establish other criteria which would 
increase the accuracy of interpretation of Ecgs with deep Qa waves. 
Pardee” and Durant” have found that if the Qa is 50% or more of the 
highest R wave the incidence of organic myocardial disease is higher 
than when the Qa is smaller. The presence of a Q; wave of 25% or 
more of tlie highest R in addition to the Qa was associated with an 
increased incidence of coronarj" disease in Durant’s series.” In Bay- 
ley’s study,® most of the cases of myocardial infarction occurred in the 
group showing a Q 2 of 1 mm. or more in addition to a prolonged Qa. 
The significance of changes in the Qa due to respiration has been 
investigated by Videla” who found that a greater decrease in size 
during deep inspiration occurred in individuals without organic heart 
disease. The knovm influence of cardiac position on the occurrence 
of the deep Qa may also be considered in interpretation to a limited 
extent: thus, if a deep Qa is found in a tracing which is otherwise nor- 
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mal, the demonstration that the heart is transversely placed makes 
the finding of less significance. 

The essential difficulty in the interpretation of Ecgs with deep Q 
waves in Lead III arises in those instances in which the other features 
of the tracings are within normal limits. The present study is an 
attempt to find criteria which will permit the differentiation of such 
tracings from normal and cardiac subjects. 

Material. In our file of Ecgs there were records of 102 hospitalized 
patients which had a Q wave in Lead III conforming to Pardee’s” 
criteria for significance. The study was limited to in-patients because 
the thoroughness of their investigation made the clinical diagnoses 
more certain than in the case of out-patients. The cardiac diagnoses 
for the 102 individuals are given in Table 1. 

Table I.— Cardiac Diagnoses in 102 Qs Egg’s 

No. of % of 

cases total 

44 43.2 

15 14.7 

14 13.7 

2 2.0 

1 1.0 


Total organic heart disease 


. . 76 

74.6 

HjTsertension , . . . 


7 

6.8 

No heart disease .... 


. 10 

18.6 

Total 


. . 102 

100.0 


. The data on the Ecgs tabulated below were secured from one tracing 
for each patient. Since some patients, particularly those with myo- 
cardial infarction, had many tracings, it was important that the trac- 
ing used for each patient be chosen at random. This was done before 
the actual tracings were studied. 

It is seen from Table 1 that 19 of 102 patients with deep Qs Ecgs 
had no evidence of heart disease. This is a higher incidence of normal 
subjects than in most series of deep Qj tracings reported. It is almost 
identical, however, to the 20% incidence reported by Ziskin-® from 
similar material in a Veterans’ Hospital. The difference in the fre- 
quency of normal subjects in our series of Q3 tracings and those re- 
ported is to be found in the nature of the population from which the 
tracings were drawn. If more of tlie tracings in otir complete Ecg file 
represented normal subjects than in the files of other workers it would 
be expected that we would find more deep Qa tracings in normal 
individuals. This is apparently the case. By sampling methods wc 
found that only .37% of our in-patients who had Ecgs had heart 
disease. From the data of Ashman and his associates^ we have com- 
puted that S2% of the tracings in their file represent patients with 
iieart disease. This difference is to be expected because of the many 
routine examinations done for compensation rating purposes in ^ eter- 
nns’ Administration Facilities. Our Ecg file contained records of JSOO 
hospitalized patients of whom 03% (4920) had no heart disease. Since 


Diagnoses 

Myocardial infarction 
Arteriosclerotic heart disease 
HjTDertensive heart disease 
Rheumatic heart disease 
Unclassified heart disease . 
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19 of the patients without heart disease had deep Q 3 tracings the inci- 
dence of this finding in normal (non-cardiac) subjects is 0 . 39 %. This 
value is in fairly good agreement with the figure of 0 . 47 % computed 
from the data in the literature. 

Analysis of Tracings. The T Wave. Negative or diphasic T waves 
in Leads I, I and II and III, or II and III were found in 52 ( 68 %) of 
the records from patients with organic heart disease with deep Q 3 
tracings. As is to be expected, T wave abnormalities were found most 
often in Leads II and III in association with the deep Q3. Twenty- 
nine records of the organic heart disease group had diphasic or inverted 
T waves in Leads II and III. Ten tracings had such abnormal T waves 
in all of the limb leads. In 6 tracings the T waves were abnormal in 
Leads I and II and in 7 in Lead I alone. In none of the tracings from 
normal or hypertensive subjects were the T waves abnormal. In 
5 records in which the limb leads were normal except for the deep Q 3 
the chest lead CF 4 had a diphasic or inverted T wave. In 19 records 
of the organic heart disease group the deep Q 3 was the only abnormal- 
ity. These will be compared with 19 records of the normal group. 

The Qs Wave. The records were classified by the depth of the Q 3 
in relation to the highest R wave and the results are tabulated in 
Table 2 . Q 3 waves of 100% or more of the highest R wave occurred 
in 16 cases and only in the group with organic heart disease. In the 
group with organic disease 42% of the records had Q 3 waves of 75% 
or more of the highest R, while in the non-cardiac group only 16% 
had Qs waves of this magnitude. 


Table 2.— Qs as Per Cent of Highest R Wave 

Number of cases 


Highest R wave, % 

25-49 

50-74 

75-99 

100 -h 

75 + 

Myocardial infarction 

10 

11 

10 

13 

23 

Arteriosclerotic heart disease 

7 

3 

2 

3 

5 

Hypertensive heart disease . 

9 

3 

2 


2 

Rheumatic heart disease 

1 


1 


1 

Unclassified heart disease 



1 


1 

Total organic heart disease . 
Hypertension 

27 

5 

17 

2 

16 

10 

32 

No heart disease 

13 

3 

3 


3 

The Qo Wave. A Q wave in Lead 

II of 1 

mm. or more was 

found 


4 of the 19 (21%) cases of the normal group (Table 3). None of the 
Q-i waves in this group was deeper than 3 mm. In the organic heart 
disease group there were 51 records (67%) in which the Qo was 1 mm. 
or more in depth. In 7 of these the Q 2 wave was greater tlian 3 mm. 


Table 3. — Qs 

Waves of 1 Mm. or 

Greater in Deep Qs 
N umber of cases 

Series 


Uingnoscs 

1 mm, 2 mm. 3 mm* 

4 mm, 5 mm. C mm. 

No. 

total 

Organic heart disease 

20 13 11 

3 3 1 

51 

07 

Hjl^ert elision 

1 


1 

14 

No heart disease , 

1 2 1 

. . 

4 

21 
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The T Wave m Leads I and CFi. It is a common observation that 
posterior heart wall damage with a Qs Ts Ecg pattern is often accom- 
panied by an increase in amplitude of the T wave in Leads I and CFi. 
The amplitude of the positive T waves in these leads was, therefore, 
studied. The data on the height of the waves is given in Tables 4 
and 5. In the normal group there were no Tj waves greater than 
2 mm. while in 10 cases of the organic heart disease group there were 
Ti waves of 3 mm. or more. A similar partial differentiation was 
possible by utilizing the data on T 4 wave amplitude. In 4 cases (21 %) 
of the normal group there w’ere T 4 waves of 4 mm., or more, while in 
24 (32%) of the organic heart disease group there were waves of this 
magnitude. 


Table 4. — Height of Posrrrv'E Ti Waves ix Deep Qi Records 


Diagnoses 

<1 mm. 

1 mm. 

2 mm. 

3 mm. 

4 mm. 5 mm. 34- mm. 

Organic heart disease 

7 

26 

10 

6 

2 2 10 

Hj^pertension 

1 

3 

1 

2 

2 

No heart disease 

3 

12 

4 


' ; 0 


Table 5. — Height of Positive T4 Waves ix Deep Qj Records 


Diagnoses 

Organic heart disease 
Hj’pertension 
No heart disease 


<11 2345678 H 

mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. 

4 n 77 13 1261 1 

0 I 2 

4 5 2 1 3. 


4+ 

mm, 

24 

0 

4 


Criteria for Differentiating Nonnal and Abnormal Q 3 Eegs. When 
the Q 3 electrocardiogram contains abnormal T waves it may be con- 
cluded that the deep Q 3 is due to organic heart disease. This is reason- 
able because the incidence of fortuitously occurring deep Q 3 waves is 
very small, namely, its incidence in tracings from normal individuals, 
or about 0.47 %. In instances where tlie deep Q 3 is the only abnor- 
mality a decision as to its significance is often impossible, though the 
position of the heart as determined by Roentgen ray and the efiect 
of deep inspiration may be of presumptive assistance. In our series 
there were 19 records in the organic heart disease group in which the 
deep Qs was the only abnormality either in the limb leads or CF 4 . 
In the 19 cases in the normal group this was, of course, also the case. 
The 7 hypertensive cases are not included in the following analysis 
because of the difficulty of deciding vnih which group they should be 
considered and they are too few in number to be considered separately. 


Table 6.— Tilvcixgs ix Which Deep Qj is Oxly Ans'ORMALm’ 
(Number of Proposed Criteria Satisfied by Cases) 


Number of cases ^atisfvnng 0 to 3 criteria 


No. of criteria: 0 
Organic heart disease . 3 

HjTt^rtcnsion 4 

No heart disease 10 


1 2 3 % in 2 and 3 

C S 2 53 

2 1 17 

7 11 11 


From the data given in Tables 2 to 5 it is evident that deep Qj. 
deep Qj, high Ti, or high T 4 waves are somewhat more likely to occur 
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in Qa tracings from patients with organic heart disease. However, 
none of these factors alone can differentiate the abnormal from the 
normal cases in a sufficient number of instances. It was, therefore, 
decided to set up criteria involving all four factors and to apply them 
to those records in which the deep Qs was the only abnormality. After 
study the following criteria were selected: 1, Qs of 75% or more of 
the highest H wave; 2, Q2 of 1 mm. or more; 3, Ti of 3 mm. or more; 
4, T4 of 4 mm. or more. 

The 38 records which were otherwise normal were restudied to 
determine how many of the above criteria were satisfied by each. 
Each record was given a value equal to the number of criteria satisfied. 
No record satisfied more than 3; many satisfied none. The number 
of criteria found in each record are given in Table 6 for the normal and 
abnormal groups. It is seen that the tracings from the abnormal cases 
tended to satisfy more of the criteria than the others. Only 2 normal 
cases satisfied more than 1 criterion, while 10 of the 19 organic heart 
disease cases did. In brief, if an otherwise normal Q3 electrocardiogram 
satisfied 2 or more of the criteria proposed, it is more likely to represent 
a patient with heart disease. Only 11% of our normal group (2 of 
19 cases) satisfied as many criteria as 53% of the abnormal group. 
Therefore, if an otherwise normal Qs tracing satisfied 2 to 4 of the 
criteria suggested it is likel3^ to represent an abnormal heart. If it 
satisfies fewer than 2 criteria no conclusion can be drawn. It must be 
emphasized that the figures above are based on a small number of cases 
and that the findings are, therefore, merely suggestive. 

Summary. A series of 102 electrocardiograms (Ecgs) with signifi- 
cantly deep Qs waves has been analyzed. Criteria have been suggested 
to aid in differentiating those from normal and diseased hearts. 
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DISSECTING ANEURYSM OF THE AORTA 
By R. Bruce Logue, Major, M.R.C. 

CHIEF OF CAHDIOVASCTTLAR SECTION*, LAWSON GENERAL HOSPITAL; FORSIERLY 
INSTRUCTOR AT EMORY UNIVERSITY MEDICAL SCHOOL 
ATLANTA, GA. 

Dissecting aneurysm of the aorta is a disease characterized by a 
splitting of the aorta in the media. Until recently the diagnosis has 
only rarely been made before death. Holland and Bayley''' reported 
19 cases and in only 2 cases was an antemortem diagnosis made. 
During the past 3 years 12 instances of dissecting aneurysm were 
encountered in Grady Hospital, Atlanta, Ga.; an antemortem diagnosis 
having been made in 10 cases. 

The autopsy incidence has been reported from 0.18%®' to 0.5%^'’" 
and was found to be 0.7% in 1519 autopsies from 1937 to 1940 in the 
present series. During this same period, the incidence of saccular 
aneurysms due to sj’philis was 1.51% in this hospital. The greatest 
number of cases have occurred between the ages of 40 and 60 years. 
Crowell’s review® of 215 eases revealed 80% above 40, with an age 
range of 13 to 95 years, h'lales are more frequently invoh'ed than 
females. 

Pathologic Evidence. Arteriosclerosis has invariably been present. 
Some obser\'ers believe that an intimal tear in an atheromatous area 
is the initial process. It is striking that the tear is almost never in an 
atheromatous ulcer, and Mallory-® states that any tear arising in an 
ulcer is always localized. Peery®^ cites that only 4 of Shennau’s 15 cases 
showed relation to an atheromatous patch and none was in tlie ba.se 
of an ulcer. Medionecrosis aortse idiopathica cystica, as originally 
described by Erdheim,® is frequently present. Moritz, and more 
recently Roberts,®^ have reviewed the pathology of tliis condition. 
The latter states that 28 cases of dissecting aneurysm ha\’e been 
reported in which the typical cystic degeneration of the media was 
present. This was noted in 5 of the present group. It seems probable 
that the infrequency with which it has been reported is due to the 
fact that careful microscopic studies of sections of the aorta have not 
i)cen performed. Hypertension is almost invariably present. I'lic 
increased pressure is certainly an important factor in bringing about 
the dissection, once the initial process has begun. Strain has been cited 
as a predisposing cause. Cases have been reported to occur incident 
to se.xual excitement, pregnancy,-* defecation, walking and lifting 
objects, and trauma.’® Syphilis, formerly mentioned as a cause is now 
thought to play no part in the etiology. The fibrosis in syphilitic 
aortitis woukl tend to prevent dissection. Wood and Agnor*' observed 
a patient with syphilitic aortitis in which a localized dissection occurred, 
and they felt that the fibrosis of the media prevented a dkscctitig 
aneurysm. Coarctation of the aorta has been notcfl in a number of 
cases and Boyd and Werblow* made a diagnosis of dissecting anciiry.cin 
in one instance. lA?ary and Weiss- produced cxj)criincntally a dUsccting 
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aneurysm in a rabbit which was fed cholesterol over a long period of 
time. 

Microscopically, spindle- or oval-shaped areas of cj'stic degeneration 
are commonly present. Accompanying this degeneration, is fragmenta- 
tion of the elastic fibers which may be better visualized with special 
stains. Rottino^'^ has recently reviewed the medial degeneration in 
12 selected cases of dissecting aneurysm. He states that it is essentially 
a disease of the ascending aorta and arch which is characterized by a 
loss of the muscle tissue, elastic tissue and collagen of the media. There 
is a lack of inflammatory reaction, and healing occurs by loose scar 
formation and by regeneration of muscle and elastic tissue. He could 
not establish the type described by Erdheim.® 

Dissecting aneurysm occurs, as a rule, in the aorta or one of its 
main branches, but it has been reported in the pulmonar^^ cerebral, 
splenic, and thyroid arteries. More commonlj^ there is a transverse 
tear in the intima in the first few centimeters of the aorta. The tear in 
the intima may be located elsewhere in the thoracic or abdominal aorta. 
When it occurs in such a location, the tear is usually longitudinal or 
elliptical rather than transverse. The tear may be in the region of the 
innominate artery or celiac axis, as in 3 patients in the present series. 
Whitman and Stein,^® reviewed 5 cases in which there was no tear in 
the intima. Hamburger and Ferris,^® and Reisinger®® reported in each 
instance 1 case in which an intimal tear was absent. The mechanism 
of dissection has generally been thought to begin with an intimal tear, 
however, the latter author questions whether dissection is dependent 
upon a primary rupture in the intima. It seems quite likely that an 
intimal rupture is secondary to hemorrhage into the media. The dis- 
section may spread upward and downward in the media, involving the 
vessels arising from the aorta in its progress. It may cause narrowing 
of or dissection^ of the coronar^'^ arteries. Oceasionally extensive dis- 
section of one of the carotid arteries causes a hemiplegia. Involvement 
of the lumbar arteries may impair the circulation to the lumbar cord 
and give rise to neurologic symptoms in the lower extremities. Occlusion 
of the renal arteries causes hematuria® and anuria, while gangrene of 
the bowel has followed involvement of the mesenteric arteries. The 
dissection usually involves only a portion of the circular area of the 
aorta, varying from one-half to two-thirds of the circumference. It 
may extend down the iliac and femoral arteries and has been reported 
as far down as the posterior tibial artery.” Longitudinal folds causing 
deep grooves may occur in the ascending portion and transverse arch 
of the aorta."'® ^Wien the inner and outer layers are completely sepa- 
x*ated, there may be a sac within a sac. A so-called double-barreled 
aorta is formed when the dissected channel reenters the lumen of the 
aorta. Agnor' states tliat this occurs in about 15% of tlxe cases. 
Gouley and Anderson'® reported 6 cases of chronic dissecting aneurysm, 
in 4 of which there was a double-barreled aorta. 

Tlie aneurysmal sac is filled with blood in varying stages of organiza- 
tion. One instance has been reported in which blood was absent and 
the sac was filled with lymph."'® Localized bulging may occur, being 
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most often seen m the region of the distal portion of the arch and the 
proximal portion of the descending aorta. It is here that a rupture 
through the adventitia frequently results in hemorrhage into the 
mediastinum and pleural cavity. A rupture through the intrapericardial 
portion of the aorta is followed by tamponade, the most common cause 
of death. Baker- observed a patient in which the aneurysmal sac com- 
pressed the superior vena cava and caused obstruction. 

Signs and Symptoms. Pain is usually severe and of sudden onset. 
It may appear during exertion or while the patient is at rest. It is 
more commonly sharp and rending in quality, although at times it is 
crushing and vise-like. The location of the pain is more frequently 
retro-sternal with radiation towards the neck and then through to the 
back beneath the left scapula, or rarely beneath the right scapula.-* 
Radiation of pain to the arms is unusual, but pain in the neck or 
mandible is not uncommon, and pain has been reported in the ears.'" 
If the dissection involves the carotid arteries, hemiplegia or visual 
disturbances may occur. The pain may extend downward to the 
lumbar region or epigastrium and then to one or both thighs. In those 
patients in whom the dissection begins in the abdominal aorta, the 
pain is felt first in the lumbar region or epigastrium. The excruciating 
pain may last only a few minutes, to be replaced by a more constant 
dull aching pain, lasting several hours to days. Infrequently, little or 
no pain may be experienced. ‘*-'*’*®-'** In 2 patients of the present group, 
there was no pain. 

There is frequently a transient period of shock, but usually the 
blood pressure returns to a normal or more commonly to a higli level. 
Vertigo and syncope are common and, at times, may be the most 
prominent complaints. Hemoptysis has been recorded." Nausea and 
vomiting are rarely absent. Diarrhea may follow in\-olvement of the 
mesenteric vessels and occult blood may be found in the stool in such 
cases. A gruel-like material is at times seen in the bowel when the 
mesenteric vessels are involved. In 3 patients in the present group, 
there was a complaint that the skin felt "hot all over,” although tlie 
body temperature was normal. Middleton^ has suggested that this 
may be due to spontaneous periarterial sympathectomy such as 
described by Hamburger and Ferris'* in an attempt to explain the 
increased pulsation of the carotid artery when it is involved by dis- 
section. Numbness, coldness, and weakness of the legs follow extension 
to the e.xternal iliac arteries. Shock may be present, however, fre- 
quently the blood pressure is normal or ele^'atcd, even though the 
patient appears to be in shock. There may be difference in the blood 
pressure between the 2 arms or 2 legs, or between the arms and legs. 
The pulse was absent in the right arm of Blackford’s and Smith’s 
patient.* Occasionally pulsating areas may be seen along the aorta or 
its branches. Roesler cl al.^^ described a pulsation in the left inter- 
scapular area which rapidly shifted its center. The heart is usually 
enlarged due to the preexisting hj-pertension. The supracardiac 
dulness may be increased. Hemorrhage into the mediastinum or peri- 
cardial cavity results in a widening of the area of cardiac dulnc,':s, while 
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hemorrhage into the pleural cavity gives the usual signs of pleural 
effusion. The latter is more frequently seen on the left side, since 
rupture through the adventitia is more common in the arch or descend- 
ing aorta. A systolic murmur at the apex is common and Resnick and 
Keefer among others, have pointed out the significance of the diastolic 
murmur which sometimes appears at the aortic area. A pericardial 
friction rub may at times be heard^® and was noted in one patient in 
the present series. Rales at the lung bases are common. Palpation 
of the carotid arteries when one has been partially occluded gives a 
difference in intensity of the pulse on the two sides. At times the 
pulsations on the involved side are increased, perhaps due to spon- 
taneous periarterial sympathectomy such as described by Hamburger 
and Ferris.i® 

Rumbling or blowing murmurs have been heard along the course 
of the aorta. Infrequent tenderness to palpation over the aorta has 
been noted. Touhy et alP recorded the instance of a pulsating tumor 
over the upper abdomen. A double ticking metallic sound over the 
upper abdominal aorta and synchronous with each pulsation was 
heard by Drs. R, H. Stephenson and H. C. Dorris in one patient in 
the present group. This sound, which was heard independently by 
these two observers, was interpreted as evidence of a dissecting 
aneurysm. This sound disappeared within a period of 12 hours and no 
explanation could be found when necropsy examination was performed. 

Bizarre neurologic signs follow involvement of the intercostal and 
lumbar arteries which, as pointed out by Rogers, furnish a blood 
suppljr to the spinal cord. This may result in loss of reflexes, pares- 
thesias and, at times, transient motor paralysis. Occlusion of the 
mesenteric arteries may give abdominal tenderness and rigidity and 
has led to abdominal operation.^® Noticeable coolness of one leg indi- 
cates a narrowing of the lumen of the iliac artery on that side, either 
by dissection or by reflex spasm. The femoral pulsation in such 
instances is diminished or absent. This has led to an operation for 
peripheral embolism.®® 

Course. The course of the disease is usually short, although patients 
have been known to live for years and die of another disease.^® Clai- 
borne and Hollar'^ reported a case in which the patient lived for 55 
days before dying from the results of an acute dissection. Kellogg and 
Heald““ state that 80% die within a few days, while 20% have a chance 
of recovery. Shennan, as quoted by Peery,®^ reported 74 cases which 
recovered. Other observers report the mortality rate in the first few 
days to be as high as 95 to 98%. A slight fever frequently develops 
if the patient lives as long as 24 hours. The blood pressure, which is 
at first low or normal, may become greatly elevated. Signs of pleural 
effusion may appear. If hemorrhage has been extensive, pallor of the 
skin or mucous membranes will be evident. Reisinger®- reported 1 case 
which showed a progressive anemia which reached values of 7 grn. of 
hemoglobin and 1.95 million red cells. The pain may subside partially 
or wholly, and all too often the patient’s appearance, when seen at 
this stage, may belie the true grave condition. Nausea and vomiting 
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often recur and vague abdominal distress may be felt. Irregularities 
in the cardiac rhythm sometimes follow narrowing of the ostia of the 
coronary arteries. Anuria and hematuria are the sequelce of involve- 
ment of the renal vessels. Buckley^ recorded an instance of pain in 
the loin and hematuria which simulated renal colic. Abdominal pain 
may follow obliteration of the lumen of the mesenteric artery. Con- 
gestive heart failure is rarely seen, although this has been reported as 
a cause of death.^- With recurrence of pain, or in the presence of liemor- 
rhage, signs of shock may appear. After a period of a few iioiirs to 
days, death may occur suddenly and without warning as rupture occurs 
into the pericardial cavity, mediastinum, lungs, pleural cavity or 
rarely into the peritoneal cavity. 

The electrocardiogram reveals no characteristic changes. Left ven- 
tricular preponderance resulting from previous hypertension is com- 
monly seen. When the dissection involves the ostia of tlie coronary 
arteries, elevation of the ST segments and inversion of the T waves 
in one or more leads may be seen. Arrhj^thmias are occasionally seen, 
and 1 patient (Case 6) in the present series developed ventricular 
tachycardia and presumably died of ventricular fibrillation following 
constriction of the right coronary artery at its beginning by the dis- 
section. One patient of iSIcGeachy and Paullin-^ developed a left 
bundle branch block. Cardiac tamponade may cause elevation of the 
ST segments'or inversion of the T waves in the standard leads. Glendy, 
Castleman and White^- reported a case which showed T wave changes 
in leads 2 and 3 which were suggestive of posterior infarction and at 
autopsy there was narrowing of the right coronary orifice. Wciss'*^^ 
reported 1 case with myocardial infarction resulting from involvement 
of the left coronary artery at its beginning. One patient in this scries 
(Case 5) developed a complete occlusion of the right coronary artery 
at its origin as a result of a dissection around the ostium. 

RocnigcjwJogic Evidence. Wood, Pendergrass and Ostrium"*^ reviewed 
the Roentgen ray changes in a number of cases and found that fre- 
quently a widening of the arch and proximal portion of the descending 
aorta was seen with a radiolucent area outside of the main shadow. 
It is in this area that a rupture through the adventitia so commonly 
occurs. Hirschboeck and Boman^® reported a case with thc.se distinctive 
Roentgen ray findings. The heart is usually enlarged and the supra- 
cardiac shadow is widened in those cases in which the ascending aorta 
is involved. The trachea and esopliagus may be deviated by the 
enlarged aorta. Mediastinal and pleura! effusion each give a clmracter- 
istie picture. Coronary occlusion,^ pulmonary embolism, cerebral 
hemorrhage, spontaneous mediastinal emphysema, cholelithiasis, 
nephrolithiasis, ruptured peptic ulcer, acute pancreatitLs, acute 
appendicitis, and coarctation of the aorta must at times f)e consirlered 
in the differential diagnosis. 

The following 3 cases, pre5onte<i in detail, flemonstrate some of the 
features of dissecting aneurysm. 

Case Studies. Cask n. A 40-ycar-old netwo woman entered tlje hospital 
on Octol>or S, 1030, complaining of cramping pain in the cpiga^trinm and 
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vomiting. The patient had had attacks of nocturnal dyspnea, pedal edema, 
dyspnea on exertion, palpitation and infrequent syncope during a period of 
9 months. She had noticed nocturia for several years. She had been fairly well 
about 1 month prior to admission when she developed some swelling of her 
feet and legs and moderate shortness of breath on exertion. She was placed on 



Fig. 1. — (Case 6.) Marked enlargement of the left ventricle and dilatation of the 
aorta shown: 1, in Roentgen ray; 2, in gross specimen. Arrow points to characteristic 
radiolucent area outside of the main aortic shadow caused by the dissection. A, Organ- 
ized clot in media which gave rise to radiolucent shadow on Roentgen ray; B, extension of 
dissection to the base of aorta so that the right coronarj’’ artery is constricted at its origin. 



Fig. 2.— a (Case S). a, intimal tear in the aorta; the separation of the edges is due 
to distortion; b, calcific stenosis of aortic valve. B (Case 2); enlarged left ventricle 
and tortuous aorta. The wide shadow indicates a mediastinal hemorrhage. 


sedatives and digitalis in the Out-patient Department and improved somewhat. 
Af er 2 weeks she developed an intermittent cramping epigastric pain, which 
did not radiate and had no relation to meals. She had had intermittent attacks 
of epigastric pain above the umbilicus since a pregnancy in 1919, and these 
were associated with a small, reducible mass just above the umbilicus. On 
the evening of admission to the hospital, the jjatient developed a sharp, severe. 
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cramping pain in the epigastrium about 4 hours after supper. The pain was 
excruciating and caused her to double up. It was colicky in character and 
did not radiate. She vomited undigested food on 3 occasions. The emesis 
caused an accession of the pain. 

Physical Examination. A well-developed and nourished woman, thrashing 
about in bed and complaining of severe pain in the epigastrium. Temperature 
was 96® F.; pulse, 86; respirations, 24. The blood pressure was 210/140 in 
each arm. The blood pressure in each leg was 270/160. The skin was cold and 
clammy. The heart was marked h’ enlarged to the left, the apex impulse being 
in the 6th interspace 12 cm. from the midsternal line. There was a soft systolic 
munnur at the apex. The second sound at the aortic area was accentuated. 
The liver was enlarged about 2 cm. beneath the costal margin. Auscultation 


L<?ad 1 


Lend 2 


Lead 3 





Fig. 3 . — A (Case G), Left bundle branch block, third dc;rrce heart block, frequent 
ventricular premature contractions, elevated ST-3 and depressed ST— 1. At autopsy 
there was nnirowirip; of the rij;ht coronarj' artco'- tS, Tracinj; 5 days later showin;: 
axiricular tachycanlia and left bundle branch block. C (Case 1), T waves inverte<! in 
leads 1 and 4 with low ST takeofT in leads I. 2 and 4; left ventricular prepondernnee- 
D (Case 2). Slight snjrprinp: of ST scOTcnt in leads 1, 2 and 4; inverted T w.avc in lends L 
2. ami 1 and left ventricular preponderance. 


of the nlKlominal norta revealed a double, metallic, clicking sound, wliieh was 
synchronous with each pulsation of the aorta. A .«mall reducible hernia was 
present just above the umbilicus. 

The pain subsided somewhat after a dose of morphine. The patient con- 
tinued to complain of some abdominal distress, and would .«5t up in bed and 
mb her aMomen. She seemed to get some relief from pressure over the 
aMomen, and at times an enema brouglit remission of the pain. The abdomen 
was always .«oft and there was no localized tenderness. The patient had fre- 
quent spells of dyspnea, and at times showed Cheyne-Stokes respiration. Tlic 
pulse was irregular and an electrocardiogram on the 2d d.ay sfiov,*cd frequent 
ventricular cxtrasystolcs vith elevation of the ST segment in lead 3 and 
depression in lead '4F. On the Gth day the ventricular tachycardia had become 
constant (Ftc. 3, A,B). Quinirline 0.3 gm. was civen and following the 3^3 do-e. 
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the patient complained of precordial pain. She had a slight commlsion and 
the heart sounds stopped. Occasional respiratory gasps were noticed for 5 or 6 
minutes. The clinical diagnosis was: (1) coronary occlusion, and (2) dissecting 
aneurysm of the aorta. 

Autopsy. A dissecting aneurysm of the aorta caused a narrowing of the 
ostium of the right coronary artery and the origin of the right innominate 
artery. The dissection extended to the origin of the right h3TDOgastric artery. 
There was no tear in the intima. There was an organized clot in the media of 
the arch and descending portion of the aorta. Concentric myocardial hjTier- 
trophy and granular contraction of the kidneys were present. ISvelve hundred 
cc. of amber fluid was removed from the left pleural cavity. 

Case 10. H. G., a 50-year-old white male, was admitted to the hospital 
complaining of severe pain in the epigastrium and right lumbar region, "'rt'hile 
walking home on the afternoon of admission, the patient was struck b}’' a 
sudden sharp, severe pain in the epigastric region, which radiated to the right 
upper quadrant and to the right loin. The pain was intermittent and colick 3 ’^ 
in character. He was admitted to the hospital about 4 hours later and J gr. 
of morphine was necessary to secure relief from the pain. The blood pressure 
was 180/130 in the right arm and 130/100 in the left arm. The blood pressure 
in each leg was 200/150. The patient was sweating profusely and tossing about 
in bed with severe paroxj’^sms of pain. The neck veins were distended. The 
apex impulse was felt in the 5th intercostal space in the anterior axillary line. 
There was a moderately loud systolic murmur at the apex. There Avas dulness 
to percussion with diminished breath sounds and spoken voice over the right 
lower lung posteriorly. No rales were heard. The right upper quadrant and 
right loin Avere tender to palpation. A reddish, mottled discoloration Avas noted 
in both lumbar regions and over the upper portion of both thighs. A Roentgen 
ray revealed some cardiac enlargement with an elongated and dilated aorta. A 
circular area of density Avas noted in the region of the loAA'er end of the esophagus 
and a diffuse density Avas present throughout the mid-portion of the right lung 
posteriorly giving the appearance of pneumonia. An electrocardiogram taken 
on' the 3d day revealed a Ioav amplitude of the QRS complexes in the standard 
leads Avith flattened T Avaves in leads 1 and 2 and inverted T AA'aA^es in lead 3. 
The temperature Avhich Avas subnormal on admission rose to 100.4° F. on 
the 2d day and averaged about 99.2° F. during the succeeding daj'^s. The 
pulse ranged from 100 to 120. A thoracentesis of the right chest on one occasion 
revealed a thin, dark, red bloody fluid and on another occasion bright red blood. 
The patient continued to have attacks of pain in the right upper quadrant 
and right loin, and on the 6th day after onset, folloAAing severe pain in the 
right chest and epigastrium, suddenly developed shock and died. 

Necropsy. A dissecting aneurysm inA'^oNed the descending and abdominal 
aorta Avith a saccular dilatation just aboA'^e and beloAv the diaphragm. There 
was no intimal tear but tAA'o separate tubes. A rupture had occurred through 
the adventitia of the distal portion of the thoracic aorta. A large hematorna 
Aveighing 1300 gm. AA^as situated betAveen the parietal pleura and endothoracic 
fascia, and extended from the apex to the 8th-9th ribs. This was connected 
directlj’- to the posterior mediastinum and pushed the lung anteriorl}'. The 
right loAver lobe of the lung AA'as atelectatic due to compression by the hematoma. 
Extensive hemorrhage Avas found in the posterior mediastinum and in the 
retroperitoneal space of the upper abdomen. Longitudinal wrinkling of the 
aorta AA'as noted. The heart weighed 310 gm. There AA-ere multiple infarcts of 
both kidnej’^s. There AA'as moderate atheromatosis of the aorta, microscopic 
sections revealed a thickened intima, calcification of the media, round cell 
infiltration, cystic spaces and some thickening of the media. 

Case 12. W. A., a GG-j'ear-old colored male, was admitted to the hospital 
complaining of substernal pain and shortness of breath. He had noticed some 
substernal pain on exertion for about 15 j'ears and for about 1 A'car had felt 
breathless after exertion. Six da^'s prior to admission folloAN-ing a Avalk of 2 
miles he AA'as seized AA-ith a sudden, seA'ere, tearing, substernal pain which 
radiated backAA-ard between his shoulder blades and to both shoulders and 
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down both arms as far as the elbows. Soon there was severe pain around the 
umbilicus followed by nausea and vomiting. He became dyspneic and orthop- 
neic. These symptoms persisted during the succeeding 6 days. On the 5th 
day a watery diarrhea was noted. 

On admission the temperature was 99.2® F,; pulse, 100; respirations, 26. 
The blood pressure was 170/90 in the left arm and could not be obtained in 
the right aim. The retinal arterioles exhibited a moderate degree of arterio- 
sclerosis. The radial and temporal arteries were sclerotic. The pulse could 
not be obtained in the right radial. The heart was moderately enlarged to 
the left and a loud pericardial friction was heard over the precordium, being 
most intense at the second left intercostal space adjacent to the sternum. 
A soft systolic murmur was heard at the apex and at the aortic area. The 
aortic second sound was accentuated. Frequent extrasystoles were noted. 
Signs of pleural effusion were present at the left lung base. The epigastrium 
was tender to palpation. The pulse was present in each femoral artery, how- 
ever, a thrill was felt on palpation of the left femoral artery. A buzzing noise 
could be heard on auscultation over the artery. 

The patient continued to complain of pain in the substernal and umbilical 
regions, and large doses of morphine were necessary to secure comfort. A 
venous pressure taken at the level of the posterior axillary line gave a value 
of 195 mm. of saline. The value for the circulation time was 33 seconds using 
calcium gluconate. The value for hemoglobin was 11.4 gm. with 4.6 million 
red cells and 17,700 white cells with 95% polymorphonuclear leukocytes and 
3% lymphocytes. The urine specific gravity was 1.017 and there was Id- 
albumin with 4 to 5 white blood cells per high-power field. The sedimentation 
rate was 39 mm. per hour by the Westergren method. The stool was light 
brown in color and gave a 4+ benzidine test for blood. The Kahn was negative. 
The value for the NPN was 23 and for blood amylase 69 mg. of glucose. 

Table 1.— -Summary of Findings in 12 Cases of Dissecting Aneurysm 




Symptoms 

Sig^is 

Dura- 

tion 

Pathologic findings 

1, CM j 

1 

i 

1 

1 

! 

42 

Sharp retrosternal pain 
radiating to neck, back, 
XL hip and leg. Weak- 
ness, numbness of rt. ! 
leg 

B.P. not recordable in arms 
or rt. leg; 80/60 left leg. 
2d: B.P. rt. arm 150/90; 
left leg 130/84. Anuria, 
Venous pr. 225 mm. 

30 hrs. 

Hemopericardium. Transverse 
tear in intima 3 cm. above aor- 
tic ring, dissection down to rt. 
common iliac. Occlusion of rt. 
renal art. Concentric myo- 
card, hypertr. 

2. CM 

! 

50 

Severe knife-like pain in 
region of himbar spine, 
di'spnca, substernal 
aching, nausea and 
vomiting 

B.P. rt. 300/140. ticft arm 
204/110. Tracheal tug with 
de^'iation to left. Systolic 
: murmur at aortic area. 
Dulness and diminished 
breath sounds over left 
chest. 

12hrs. 

Dissection beginning at celiac 
axis and extending to arch of 
aorta, where a rupture through 
the adventitia occurred. Left 
hemothorax. Concentric myi> 
card, hypertr. Mcdionecro^is 
cystica. 

3. CF 1 

1 

45 

1 . 

Substernal pain radiating 
to back 

; B.P. rt.ann 120/1 10; left arm ! 
1 224/124. To*and-fro mur- 
1 mur at apex and diastolic 
j murmur at aortic area. 

1 

t 

12 hrs. 

Hemopericardium. Transverse 
tear in intima 2 cm. above aor- 
tic ring. Dissection of aorta to 
its bifurcation. Narrowing of 
opemng of innom. art. Con- 
centric myocard. hypertr. 

4. CM 

1 

1 

1 

! 1 

Hist, of congestive heart 
failure for 1 >t. Diag- 
nosis of 5>T)Hntic aortic 
insufficiency'. Died of 
uremia. 

i B.P. 200/0 both arms. To- 
and-fro murmur over whole 
precordium. Marked en- 
: largemcnt of heart. Liver 

1 enlarged 4 cm. Marked 
i pitting edema of extremi- 
ties. 

i 5 days 

Intimal tear 2 cm. above aortic 
ring, dissection extending 
bifurcation of aorta. Syphilitic 
aortitis and Hwrt 

wt. 775 gm. Mural thrombi in 
rt. auricle. Multiple pulmon. 
infarcts. Contracted kidneys- 

5. CF 

1 

I 

1 - 

1 Sharp epigastric pain 
radiating to angle of 
' left scapula 

1 

: B.P. 165/00. T(>and-fro 
murmur at aortic area. 

1 Tenderness with muscle 
spasm in epigastrium and 
i left upper quadrant. 1 

10 hrs. 

Dissection beginning in 1st fe*" 
cm. of aorta and extending to 
level of inf. mesenteric. Occlu- 
sion of ostium of ft, coronary 
by dissection. 
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Table 1. — (Continued.) 




Symptoms 

Signs 

Dura- 

tion 

Pathologic findings 

6. CF 

46 

Cramping pain in epigas- 
trium, nausea and vom- 
iting. Hist, of conges- 
tive heart failure for 
9 mos. 

! 

i 

1 

B.P. arms 210/140. Legs 
270/100. Heart mod. en- 
larged. Systolic murmur 
at aortic area. Liver en- 
larged 2 fingers’ breadth. 
Double, metallic, clicking 
sound over the abdominal 
aorta. Developed ventricu- 
lar tachycardia. 

7 days 

Dissection of media without inti- 
mal tear, extending throughout 
the whole aorta, causing nar- 
rowing of rt. coronaty’ ostium 
and the innom. art. Organized 
clot in the media. Concentric 
myocard. hypertr. Gran, con- 
traction of kidneys. Left hem- 
othorax. 

7. WM 

60 

! 

1 

Severe substernal pain ! 
radiating to rt. shoulder. 
Syncope. Hist, of hy- 
pertension and treat- 
ment for syphilis. j 

1 

B.P. rt. arm 90/70. Left arm 
130/80; head and eyes devi- 
ated to right. Weakness of 
muscles of left side of face. 
Hyperactive reflexes on left. 
Ankle clonus and positive 1 
Babinski. Anesthesia of 
left side of body. Rt. caro- 1 
tid pulse weak. | 

13 hrs. 

Intimal tear in region of innom. 
art. and dissection of arch, ex- 
tending to descending aorta. 
Hemopericardium. 

8. WM 

40 

i 

Slight pain at base of 
neck, later severe pre- 
cordial pain. Hist, of 

1 rheumatic ht. disease. 

1 Previous diagnosis of 

1 aortic stenosis and aor- 
tic insufficiency 

B.P. 110/90 rt. Left 120/100. 
Ht. much enlarged to rt. 
and left. Systolic thrill over 
precord, most intense over 
aorticarea. Systolicmurmur 
over prccord. transmitted 
up neck vessels. Systolic 
pulsation in rt. 2d and 3d 
intercostal spaces. 

6 days ' 

Intimal tear 2.5 cm. above aortic 
ring. Dissection extending 
throughout thoracic aorta. 
Hemopericardium. Eccentric 
myocard. hypertr. Heart wt. 
650 gm. Calciflc aortic sten- 
osis. 

9. CF 

' 49 

Aching pain in left hypo- 
chondrium. Symptoms 
of congestive failure for 
U years. Hist, of hy- 
pertension. 

B.P. 164/110. Heart mark- 
edly enlarged. Gallop 
rhythm. Systolic murmur 
at apex. Liver enlarged 
5-6 cm. Marked pitting 
edema of extremities 

' 56 days 

TVansverse tear in intima 3.5 cm. 
above aortic ring. Dissection 
limited to ascending aorta. Ex- 
tended into pericardial sac, 
with hemopericardium. Con- 
centric m 3 ’Ocard. hj’pcrtr. 
j Heart w't. 650 gm. Gran, con- 
1 tracted kidneys. 

10. WM 

1 

50 

Severe epigastric pain 
radiating to rt. upper 
quadrant and to rt. loin. 
Profuse sweating. 

B.P.rt. 180/130, left 130/100, 
legs 200/150. Dulness to 

1 percussion and diminished 
breath sounds over right 
lower lobe of lung. Ten- 
derness to palpation over 
rt. upper quadrant and rt. 
loin. Sj^tolic murmur at 
apex. 

6 days 

Hematoma (1300 gm.) bot. endo- 
thoracic fascia and parietal 
pleura from apex to 9th rib on 
rt. side. Compression atelecta- 
sis of rt. lower lobe. Dissection 
of dcsc. and abd. aorta. No 
intimal tear; rupture through 
adventitia into post, mediasti- 
num and retroperit. space just 
above diaphragm. Longitud- 
wrinkling of aorta- Mult, in- 
farcts of kidney, Mcdionecro- 
sis c 3 ’Stica. 

11. CM 

66 

Sudden, severe, tearing, 
substernal pain with 
radiation between the 
shoulder blades and 
down arms to elbows, 
followed by periumbili- 
cal pain, nausea, vomit- 
ing, diarrhea, produc- 
tive cough. 

B.P. 17(1/90 left arm. B.P 
not recordable rt. arm. 
Orthopneic. Moist rAlcs at 
lung base. Heart enlarged. 
Friction rub over precord- 
imn. Sj’stolic murmur at 
apex. Occas. extrasi-stoles. 
Bruit and thrill over left 
femoral art. 

8 days 

1 

1 

) 

Hemopericardium 5(K) cc. Heart 
wt. 590 gm. Intimal tear at 
origin of left subclavian art., 
retrograde dissection with rup- 
ture into pericardial sac. Dis- 
section along innom., left ful>- 
clavian, sup. mesenteric, rt. 
renal and both ext. iliacs. Me- 
dionecrosis cystica. 

12, CM 

35 

Substernal pain followed 
30 min. later by severe 
pain in the region of 
left hip. Faintness. 

B.P. 13S/100. Ht. enlarged. | 
S>*stolic murmur at apex. I 
Coldness of both legs. Ab- ' 
sent pulse in left femoral j 
art. , 

1 

31 hrs. ' Hemoi>ericardium (500 rc.l. In- 
timal tear near the innom. art. 
Dissection involving two-third« 
of circumf. of aorta and extend- 
ing to rt. ext, iliac art. Medio 
t necrosis cystica. 
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The patient continued to complain of substeraal and periumbilical pain. 
There was some cough, hiccough and nausea and vomiting. The sensorium 
became progressively cloudy and the patient died 2 days after admission. 

Auiopmj,^ Hemopericardium (500 cc.). The heart weighed 590 There 
was an intimal tear in the aorta at the origin of the left subcla^dan arteo’’* 
The dissection extended proximall)’’ and ruptured into the pericardium between 
the aorta and pulmonar}" artery. Distalfy it extended on to both axternal 
and internal iliac arteries. There was a dissection along the innominate, and 
left subclavian arteries. The dissection extended 4 cm. along the superior 
mesenteric arterj" and along the right renal artery as far as the hilum of the 
kidney. 

Comment. The average age of the 12 patients was 45 with a range 
from 35 to 66. Ten of the 12 patients gave a liistory of 'previous cardio- 
vascular sj^mptoms. Eleven of the group either had hypertension on 
admission or gave a history of previous hypertension. The 12th patient 
had a calcareous stenosis of the aortic valve. 

Pain was the initial symptom in 10 cases. This w^as felt first in the 
substernal region in 6 cases, in the epigastric region in 3 cases, and in 
the lumbar region in 1 case. There w^as no complaint of pain by the 
2 remaining patients. Neurologic signs or symptoms w’ere seen in 
2 instances, 1 patient (Case 7) having been admitted with a hemiplegia. 
An interesting sign noted in 1 instance w^as a thrill and bruit over tlie 
left femoral artery (Case 11). The duration of the disease varied from 
3| hours to 4^ w*eeks. Six patients died within 2 days. 

The Ieukoc 3 "te count ranged from 6250 to 28,850. In 2 instances the 
count w^as normal and in 8 instances it was above 12,000. The sedi- 
mentation rate was normal at the time of admission in 4 cases, elevated 
in 3 cases. Albumin w^as noted in the urine of 6 patients. Electro- 
cardiograms were obtained on 6 patients. There were no constant 
changes, however, abnormal ST segments and abnormal T waves w’ere 
present in one or more leads of each electrocardiogram. Left ventricular 
preponderance was present in 4 records. First degree heart block w\as 
seen in 2 instances. Frequent ventricular extras^’stoles and subsequent 
ventricular taclnxardia was observed in 1 patient (Case 6). Frequent 
ventricular premature contractions w^ere noted in 1 instance (Case 11). 

A Roentgen raj' of the cliest w^as taken in 8 cases. Marked cardiac 
enlargement was noted in 6 instances and moderate enlargement in 
2 instances. There w^as a widening of the supracardiac shadow in 3 
cases. The characteristic radiolucent shadow outside of the main 
aortic shadow was observed twice. A mediastinal efiusion w’as evident 
in the film of 1 patient (Fig. 2 B). The film in Case 8 show'ed an extreme 
eccentric bulging of the cardiac shadow^ to the right. This w’as due to 
the aneur^'smal sac wdiicli formed the apparent right border of tlie 
cardiac silhouette. 

At autopsj’ a mild to moderate degree of atherosclerosis of the aorta 
w^as found in each case. Medionecrosis cystica of the aorta w^as demon- 
strated in 5 cases. Four patients gave a historj^ of sv^philis or a positive 
Wassermann reaction, and sv'philitic aortitis w’as found in onh' 3 cases. 
An instance of sv-philitic aortitis with aortic insufficiency complicated 
by dissecting aneurv'sm is presented. The site of the primary tear in 
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the intima was located in the first 3 cm. of the aorta in 6 cases. There 
was an intimal tear in the region of the origin of the innominate artery 
in 2 patients and in the region of the celiac axis in another (Case 2). 
No intimal tear could be found in the aorta of 2 patients (Cases 6 
and 11). 

The cause of death was hemorrhage into the pericardial cavity with 
subsequent tamponade in 7 cases. Hemorrhage into the left pleural 
cavity, uremia, ventricular fibrillation and coronary occlusion were 
other causes of death. 

Summary. A studj^ of dissecting aneurysm of the aorta is presented. 
An antemortem diagnosis was made in 10 of the 12 cases observed and 
confirmed on necropsy. 

Isolated instances of dissecting aneurysm complicating calcareous 
aortic stenosis and syphilitic aortic insufficiency are presented. A new 
sign of this disease is described, consisting of a bruit and thrill over 
the femoral artery. 

A history of a previous hypertension, or an elevation of the blood 
pressure at the time of admission, was noted in 11 of the 12 cases. 

Tamponade was the cause of death in 7 cases. Hemorrhage into the 
pleural cavity, uremia, coronary occlusion and ventricular fibrillation 
were other causes of death. 

I should like to thank Col. William S. Middleton, Dr. J. E. Paullin and Dr. L. Minor 
Blackford for their valuable suggestions and aid in the preparation of this paper, 
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ARTERITIS IN RATS WITH EXPERIMENTAL RENAL 
HYPERTENSION* 

By William J. Cromartie, IM.D. 

WIXSTOX-SAEEM. X. c. 

(From the Department of Internal Medicine, Bowman Gray School of Medicine of 

Wake Forest College) 

The spontaneous development of a specific inflammatory disease of 
the arteries of rats identical with or closely resembling periarteritis 
nodosa of man has been reported by Wilens and Sproiil/ who found 
the lesion in 9.7 % of 487 rats dying of natural causes. The incidence 
in different age groups was as follows: under 500 days, 0%; 500 to 
700 days, 3%; over 900 days, 15.7%. They point out that this 
spontaneous disease was not found until late middle life and became 
more prevalent as age increased. 

A lesion identical with the above mentioned was found to occur in 
a high per cent of young rats 6 months to I year of age, which Iiad been 
subjected to certain experimental procedures to induce hypertension. 
It is the purpose of this communication to record these findings. 

Experimental Procedure. Thirtj’-seveu albino rats which varied in age from 
0 months to 1 j^ear were studied at autopsy. For the purpose of inducing hyper- 
tension these animals had been subjected to various operative procedures, no 
attempt being made to maintain aseptic technique. A laj’er of cotton cloth 
was applied to the surface of both kidneys of 25 animals and to one kidney of 8 
animals, according to the technique described by Grollman and Williams.’ A 
layer of collodion was applied to the surface of one kidnei' and a layer of cotton 
cloth to4he opposite kidney in one animal. One animal was subjected to the 
partial nephrectomy, according to the technique of Chanutin and Ferris,* 
followed by removal of the opposite kidney. In a single animal a figure-of-eight 
silk suture was taken around one kidne\' and the opposite kidnc}' removed. In 
one animal a similar figure-of-eight suture was taken around one kidney and a 
layer of cotton cloth applied to the surface of the opposite kidney. 

Postmortem examinations were performed ^ to 6 hours after death. The 
majority of animals were found dead in their cages, although some were dis- 
covered in a moribund state and sacrificed. The hearts were removed, after 
severing the great vessels at their proximal ends; the chambers were opened and 
all clots removed. Their hearts were weighed to 0.1 gram and the per cent of 


* Aided hy a gr.mt from the Jolm and Mar>' R- Markle Foundation. 
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variation from the expected heart weight, as determined from a chart prepared 
by Donaldson,^ recorded. Blocks of tissue for histologic study were fixed in 
Zenker^s fluid with 10% acetic acid and stained with hematoxylin and eosin. 
The systolic blood pressure of these animals was determined weekly hy the 
plethysmographic method described by Williams, Harrison and GroUman.^ 
Table 1 shows the type of operation, date of each operation, date of onset of 
the arterial hypertension, degree of hypertension and duration of the hyper- 
tension. 

Table I. — Experimental Hypertension in 39 Rats. 

Minimal 

and 

Date of Duration maxima! 


Rat 

Date of 
first 

Type of Date of 

first second 

Type of 
second 

onset of 
hyper- 

Date of 

of hyper- systolic 
tension, B/P, 

No. 

operation 

operation* operation 

operation* 

tension t 

deatli 

days 

mm. Hg. 

1 

8- 5-41 

Cotton 10-23-41 

Cotton 

12- 1-41 

1- 3-42 

33 

160 180 

2 

9- 1-41 

“ 10-23-41 

ii 

12- 1-41 

1- 4-42 

34 

lCO-195 

3 

11- 1-41 

11-22-41 


12-15-41 

1- 6-42 

22 

155 190 

4 

11- 1-41 

11-13-41 

** 

12-15-41 

1- 7-42 

23 

160-220 

5 

7-30-41 

“ 8-20-41 


10- 1-41 

1- 8-42 

99 

165-185 

6 

10- 7-41 

“ None 


12- 1-41 

1- 8-42 

38 

140-150 

7 

12-15-41 

(< (f 


12-30-41 

1- 7-42 

8 

150-165 

8 

10- 7-41 

Cotton Rt. “ 


12- 1-41 

1- 8-42 

69 

150-170 

9 

10- 1-41 

«( it 


11- 1-41 

1- 8-42 

09 

150-170 

10 

7-15-41 

Cotton 10-25-41 

Cotton 

12- 1-41 

1- 9-42 

39 

150-160 

11 

7- 5-41 

“ 8-18-41 

“ 

1- 9-42 

1-10-42 

1 

140-150 

12 

12-18-41 

Cotton Rt. 11-14-41 


1- 1-41 

1- 9-42 

8 

150-155 

13 

14 

15 

1.1- 1-41 

Cotton 11-14-41 

it 

12- 1-41 

1- 9-42 

39 

150-200 

11- 1-41 

“ 11-17-41 

(i 

12-15-41 

1-11-42 

27 

150-170 

16 

7-15-41 

“ 8- 1-41 

Rt. silk 

10- 1-41 

1-12-42 

103 

150-250 

17 

10- 1-41 

“ 10-13-41 

tie opera- 
tion 
Cotton 

11-15-41 

1-14-42 

00 

150-170 

18 

11-15-41 

Cotton Rt. None 



1-14-42 


130-135 

19 

11-14-41 



12- 1-41 

1-14-42 

44 

150-170 

20 

11- 1-41 

Cotton 11-22-41 

Cotton ^ 

12-10-41 

1-17-42 

38 

150-180 

21 

22 

23 

11- 1-41 

“ 11-14-41 

44 

12-10-41 

1-16-42 

37 

150-190 

10-15-41 

“ 11- 1-41 


12- 1-41 

1-20-42 

50 

150-200 

24 

8- 1-41 

8-18-41 

*■ 

10- 1-41 

1-20-42 

111 

150-170 

25 

11- 1-41 

“ 11-22-41 

“ 

12-15-41 

1-22-42 

38 

150 160 

26 

7-15-41 

8- 2-41 

“ 

10- 1-41 

1-26-42 

n? 

150-190 

27 

11- 1-41 

“ 11-14-41 


12-10-41 

1-30-42 

41 

150 -200 

28 

11- 1-41 

11-15-41 

“ 

11-20-41 

1-31-42 

42 

150-180 

29 

12- 8-41 

Cotton Rt. None 


1- 1-42 

1-31-42 

30 

150-160 

30 

11- 1-41 

Cotton 11-13-41 

Cotton 

12-20-41 

2- 5-42 

47 

150-190 

31 

10-10-41 

11- 1-41 


12 1-41 

3- 3-42 

92 

150-160 

32 

12-20-41 

1-10-41 


2- 1-42 

3-13-42 

40 

150-200 

33 

1-20-42 

“ 1-31-41 

“ 

2-20-42 

3-18-42 

26 

150-180 

34 

8- 2-41 

Silk tie 8-12-41 

Right 

10- 1-41 

3-17-42 

167 

150-190 

35 

10- 1-41 

operation 

Collodion, 11- 1-41 

renectomy 
Cotton Rt. 

1-30-42 

3-23-42 

52 

150 190 

36 

4- 1-42 

Rt. 

Partial 4-15-42 

Left 

.5-1,5-42 

6- 5-42 

21 

150 225 

37 

38 

39 

jH 

nephrec- uephrec- 

tomy toniy 

11-28-41 Cotton 12-15-41 Cotton 6-5 42 

11- 28-41 “ 12-15-41 “ 6- 5-42 

12- 28-41 “ 12-15-41 *’ (>- 5-42 

Description of various operations given under experimental procedure. 

120-140 

110-140 

110-130 


t Systolic blood pressure 140 or over. 

Pathologic Observations. Groas Description. Concentric hypertrophy 
of the left ventricle was noted on gross examination of the hearts 
of 20 animals. No other macroscopic cardiac lesions were seen. C on- 
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gestion of the lungs was evident in 15 cases. Small areas of hemor- 
rhage were seen in the subserosa of the terminal ilium and proximal 
portion of the colon in 2 rats. Moderate enlargement of the spleen 
was seen in 12 rats associated in each instance with evidence of marked 
infection of the kidneys. No remarkable gross lesions of the liver, 
pancreas, or adrenals was found. Perirenal abscess formation, asso- 
ciated with varying degrees of destruction of kidney tissue, was noted 
in 24 animals. This lesion was bilateral in 8 instances. All of the 
infected kidneys had had cotton cloth applied to their surfaces. These 
lesions varied from a minimal lesion involving the perirenal tissue to 
complete destruction of all kidney tissue. A thin layer of firm gray 
tissue, which seemed to be fibrous tissue, was noted surrounding tlie 
cotton in the rats which showed no evidence of secondary infection. 
No lesions of the ureters or bladder was observed. The genital organs 
of all animals appeared normal. 

Inspection of the aorta of each rat revealed no gross changes. The 
mesenteric arteries of 11 animals showed striking gross abnormalities. 
In 5 instances in which the lesions were severe the normal delicate 
structure of the mesentery and its vessels was completely altered. The 
vessels stood out as thick tortuous nodular structures varying from 
0.5 to 4 mm. in diameter. On cut section the nodular enlargements 
were found to consist of two types of lesions, one of which consisted 
of localized dilatations of the lumina of the i^essels. Some of these 
aneurysmal dilatations were filled with what appeared to be post- 
mortem clots. Others seemed to contain laminated thrombi. The 
second type of nodular enlargement consisted of firm grayish red tissue 
which seemed to cause marked narrowing of the lumina. In cases 
where the lesions were less severe the arteries showed segmented 
invoh'ement by the above described process. Gross vascular lesions 
were found only in the mesenteric vessels. The ventricles of the brain 
of 1 animal was filled with freshly clotted blood and there was an area 
of hemorrhage Z mm. in diameter in the tissue of the left frontal lobe 
of the brain of this animal. 

Microscopic Fvidings. The most remarkable microscopic lesion 
noted was an inflammatory change involving many of the arteries of 
15 rats. As in the spontaneously occurring disease described above, 
there was much individual variation in the appearance of these lesions. 
The changes were most marked in the medium-sized and small arteries. 
Some vessels exhibited an accumulation of Ixmiphocytes, plasma cells, 
monocytes, neutrophils, and eosinophils in the adventitia associated 
with proliferation of the fibrous tissue of this layer. In some instances 
these changes involved diffusely the outer layer of the vessels; in others 
the changes were focal, and produced nodular lesions in the periphery 
of the vessel wall. TOiat appeared to be more advanced lesions 
showed involvement of the entire wall by the above-mentioned inflam- 
matory process, resulting in complete destruction of the normal arciu- 
tecture of the vessel and marked narrowing of the lumen. In some 
sections, dilated vessels, the walls of which were infiltrated by lympho- 
cytes, plasma cells, monoc'-tes, neutrophils, and eosinophils were seen. 
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Often these dilated vessels were filled with organizing thrombi. Foci 
of necrosis associated with the disposition of fibrin was seen in the walls 
of some vessels. 

Many small arteries whose walls were involved by the above- 
described granulomatous-like process showed hyaline necrosis of the 
intima with thrombus formation in the lumen. Other vessels which 
seemed to exhibit evidence of healing showed distorted walls consisting 
of partially hyalinized connective tissue surrounding thrombosed 
lumina which appeared to be recanalized. Various stages of this 
process were noted in all animals. The above-described microscopic 
lesions were found most frequently in the mesentery, subserosa of the 
gastro-iritestinal tract, periadrenal tissue, peripancreatic tissue, kid- 
neys and spleen. Lesions were also noted in testes, myocardium, 
striated muscle, liver, subcutaneous tissue, lungs and urinary bladder 
wall. Striking lesions were seen in the uninfected kidneys of the 
15 animals in which arteritis was found. These lesions were present 
both in kidneys which had and which had not been subjected to 
operative procedures. All stages of arteritis were demonstrated, in- 
volving small arteries and arterioles. Some glomeruli appeared 
necrotic, others appeared partially hyalinized and others showed com- 
plete fibrosis. Many tubules appeared dilated. There was a general- 
ized increase in the interstitial fibrous tissue. A few wedge-shaped 
areas of scarring were noted in the cortices. No recent infarcts were 
seen. Evidences of changes in organs secondary to obstruction of 
blood supply were seen in the kidneys as described above, and in 
2 instances in the intestinal tract, where marked congestion of the 
blood-vessels and diffuse necrosis of the wall was seen. In the myo- 
cardium small focal areas of scarring were noted associated with the 
inflammatorj'^ vascular change, but recent myocardial infarcts were 
not seen. No lesions of the veins were noted. 

Sections from 8 animals displayed bilateral renal abscesses and 
sections from 16 showed unilateral renal abscesses. Histologically, 
their kidneys revealed areas of suppuration destroying ^^ar 3 'ing amounts 
of kidney tissue. In some cases there was infection of the perirenal 
tissue with minimal involvement of kidney tissue. In others there 
was complete destruction of the renal tissue. Scattered throughout 
the areas of suppuration were masses of bacteria which morphologi- 
callj"^ resembled staphylococci. Smears of this pus showed Gram- 
positive cocci in clumps. Changes which did not seem to be related 
to the inflammatory disease were noted in small arteries and arterioles 
of many of the tissues of a large number of these animals. These 
abnormalities consisted of medial thickening secondary to smooth 
muscle hypertrophy, areas of hyalinization in the wall and hyperplasia 
of the cells of the intima, and were seen in vessels which did not show 
necrosis, cellular infiltration or perivascular fibrosis. To determine 
the relationship of tlie observed changes to the systolic blood pressure 
and the heart size, histologic sections were examined without any 
knowledge of which rats e.xhibited arterial hypertension.^ Tlie degree 
of these changes in vessels which showed no evidence of inflammatory 
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process were estimated and recorded in terms of 1+ to4+. These 
findings are summarized and recorded along with the changes in heart 
size, the systolic blood pressure and the duration of arterial hyperten- 
sion, when present, in Table 2. 

Discussion. The two types of lesions, the inflammatory arterial 
lesion and the small artery and arteriolar sclerosis which have been 
observed will be considered separately. A conclusive analysis of the 
factors concerned in the pathogenesis of these inflammatory changes, 
which resemble the lesions described by Wilens and Sproub as de^'elop- 
ing spontaneously in rats over 500 days of age and which also resemble 
periarteritis nodosa of man, is impossible from the available informa- 
tion, but the following observations suggest some factors which may 
be concerned in the evolution of these lesions: (1) In a group of 
37 rats varying in age from 6 months to 1 year, which had been sub- 
jected to several procedures for the purpose of inducing arterial 
hypertension, this lesion was found in 15 rats. (2) Of these animals, 
24. exhibited elevated systolic blood pressures and had a suppurati^’e 
infection involving one or both kidneys which developed secondary to 
the application of a layer of cotton to the surface of the kidney. Arter- 
itis was found in 12 (50%) of these 24 animals. (3) This same inflam- 
matory lesion of the arteries was found in 3 rats of a group of 9 (33.3 %) , 
which showed arterial hypertension not associated with infection. 
(4) Only 2 animals which exhibited suppurative renal infection unas- 
sociated with arterial hypertension were studied . These animals 
showed no evidence of this arterial disease. (5) Two rats which had 
neither infection nor arterial hypertension were studied and no instance 
of arteritis was found. (6) The degree of the arteritis was much less 
marked in the animals which had arterial hypertension unassociated 
with infection as compared to that found in the rats with hypertension 
and a suppurative renal infection. 

The above-described observations suggest that experimental renal 
hypertension alone, or in combination with a suppurative infection of 
the kidneys played a part in the development of this inflammatory 
arterial lesion. Wilens and Sproul,'* in discussing the etiology of the 
spontaneous arteritis of rats, mention the frequency of suppurative 
lesions in these animals, but state that similar suppurative lesions 
occurred with equal frequency in the absence of inflammatory arterial 
disease. They mention a possible relationship of this disease to the 
diet of the animals. The disease was found only once in a group of 
75 rats receiving “a meat and vegetable diet,” while it occurred in 
46 out of 356 animals whose diet consisted largely or entirely of dried 
milk powder and ground wheat. There was no significant dift’ei'ence 
in the age of these animals or in the incidence of foci of suppurative 
infection in the two groups. The diet of the group of animals forming 
the basis of this report consisted of a commercial preparation contain- 
ing protein 30%, carbohydrates 46%, fat 6%, bone meal 8%, and 
crude fiber 3%. 

Wilson and Byrom,® in describing arterial lesions, found in rats in 
which sustained hypertension had been produced by partial occlusion 
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Fig. 1. — Gross appearance of the mesenteric arteries demonstrating a marhed degree of 
arteritis. 

Fig. 2. — Gross appearance of the cut surface of a kidney, showing e.vtensive suppurative 
infection secondao’ to application of a layer of cotton to its surface. 

Fig. 3. — Comparison of the appearance of the mesenteric vessels, exhibiting moderate 
degree of arteritis (on left of figure) with normal mesenteric arteries (on right of figure). 


liCQcnds for Illustration^ on Opposite Page: 

Fig. 4. — Arteritis of mesenteric arterj^ with changes in the adventitia. Hematoxylin 
and eosin stain. (X70.) 

Fig. 5. — Arteritis of mesenteric arterj* showing necrosis of and cellular exudate m 
adventitia and media. Hematoxylin and cosin stain. (X70.) 

Fig. G.— Portion of the w’aU of a mesenteric nrterj^ demonstrating arteritis associated 
uith thrombosis. Hematoxylin and eosin stain. (X120.) 

Fig. 7.— Arteritis of small arteries of testicle showing the primary’ and healing stages. 
Hematoxylin and cosin stain. (X120,) 

Fio. S. — Tw'o small arteries of testicle exhibiting marked fibrosis of adventitia and 
medial necrosis. Hematoxydin and eosin stain. (X52o.) 

Fig. 9, — Organizing thrombus 5n a mesenteric artery. Hematoxylin and eosin slam* 
(X525.) 

Fig. 10. — Xecrosis of and cellular exudate in the wall of a small artery m permdrenSJ 
tissue. Hematoxx’lin and cosin stain. (X525.) 

Fig. n.^-Smali artery of testicle showing necrosis of media and marked fibrosis of the 
adventitia. Hematoxylin and eosin stain. (XG25.) 

Fig. 12.— Kidney showing arteritis of a small artery’, necrosis of an arteriole, tubular 
dilatation, increase in interstitial fibrous tissue, glomerular tuft necrosis, and glomerular 
fibrosis and hyallmr.ation. Hematoxylin and eosin stain. (X120.) 
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of one renal artery, point out that “the most severe lesions were found 
in the mesenteric arteries where gross changes resembling periarteritis 
nodosa were not uncommon.” No further description of this lesion 



is given. These workers state that all of their animals were under 
500 days of age. In considering the pathogenesis of any vascular 
lesion found in rats with experimental hypertension, the fact tliat an 
inflammatory vascular disease which resembles the spontaneous arter- 
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itis occasionally found in this animal occurs frequently following pro- 
cedures used to induce hypertension must be kept in mind. 

Further investigation will be required to determine the exact rela- 
tionship between this inflammatory panarteritis and the inflammatory 
arterial disease of man, periarteritis nodosa. Wilens and Sproiil^ 
point out that the spontaneously developing arteritis of the rat, which 
exliibits the same histologic changes as the arteritis found in our 
animals, demonstrates many features wliich makes it seem probable 
that it is closely related to periarteritis nodosa in man. These features 
include the anatomic changes, the distribution of the lesions, and the 
mode of onset and development of permanent residual deformities. 
The susceptibility of the medium-sized arteries is found in both dis- 
eases. The striking dissimilarities of the human and rat disease are as 
follows: The disease is rare in humans and it is one of the most 
common forms of systemic vascular disease of rats. The huinaii 
disease occurs in all periods of life, while in the rat the lesion is found 
only in old animals. 

It is hoped that continued investigation of the arteritis produced in 
rats may elucidate some of the factors concerned in the pathogenesis of 
inflammatory lesions of arteries. 

The small artery and arteriolar changes found in these animals which 
did not seem to be related to the inflammatory arteritis will now be dis- 
cussed. These consisted of medial hypertrophy, hyalinization of the 
walls and intimal hyperplasia unassociated with necrosis, infiltration of 
inflammatory ' cells and increase in fibrous tissue in the adventitia. 
These alterations were found in all of the animals which showed eleva- 
tion of the systolic arterial pressure. A study of Table 2 shows that 
the severity of these arterial lesions is related to both the degree of 
arterial hypertension and the duration of the hypertension. Which of 
these factors is the most important is not obvious. It is also evident 
that these vascular changes in most instances are associated with 
cardiac hypertrophy. 

These lesions tend to be more severe in the loose areolar connective 
tissues of the subserosa and submucosa of the gastro-intestinal tract, 
the pcriadrenal tissue, the peripancreatic tissue and the subcutaneou.s 
tissue. Also, as pointed out above, they seem to be related to the 
degree and duration of the hypertension. These findings suggest the 
possibility that the pliysical strain on the vessel walls due to stretching, 
secondary to the increased arterial tension, may be greater in this type 
of tissue tlian in tlic denser tissues of the body. The latter could con- 
ceivably offer more support to tlic vessel than the loose areolar tissue. 
The evaluation of the part played by this factor in the production of 
some of the vascular clianges seen secondary to hypertension requires 
further study. 

It is more difficult to interpret the lesions seen in the arterioles of 
the kidneys of animals with arteritis. These consisted of necrosis of 
their walls and infiltration by inflammatory cells. \Micther these 
result from the increased arterial tension, whether tliey arc a part of 
the picture of the inflammatory arteritis or whether they are a product 
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of the continued effect of the two processes is not obvious. Arteriolar 
necrosis was seen only in the kidneys of animals which also showed 
arteritis of medium-sized and small arteries. 

Summary. 1 . A form of arteritis similar to that described as occur- 
ring spontaneously in rats over 500 days of age has been found to occur 
in a high per cent of Tats under 400 days of age, which had developed 
either arterial hypertension and a suppurative infection of one or both 
kidneys, or arterial hypertension imassociated with renal infection, 
following the application of a layer of cotton cloth to the surface of 
one or both kidneys. 

2. The pathologic anatomy of this disease is described and the 
similarity of these lesions to the lesions of periarteritis nodosa of man 
is pointed out. 

3. Other arterial changes which do not seem to be related to the 
inflammatory arterial disease are described and a possible factor in their 
pathogenesis is discussed. 
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THE MANAGEMENT OF OBESITY WITH EMPHASIS ON 
APPETITE CONTROL 

By N. H. Colton, M.D. 
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(From the Endocrine Research Institute) 

During this investigation a survey was made of the existing methods 
of controlling obesity; The restriction of food intake is still the basic- 
principle in all successful attempts at treatment. Dietary restriction 
over a long period of time is exceedingly difficult in most cases without 
the aid of some agent that depresses the appetite. No attempt has 
been made in this presentation to outline the various therapeutic 
theories. For data relative to these the reader is referred to the review 
articles on this subiect.^--?. 0,11.14,19.20, 22 However, cognizance has been 
taken of this work wlien applicalffe. For the most part, the cases 
presented herein were similarly treated as problems of exogenous 
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obesity. When other etiologie factors were apparent, an attempt was 
made to correct them. 

A careful history and physical examination w'ere obtained on all 
patients. Contributing organic or functional disturbances were sought. 
Such factors as psychic imbalance were noted, for just as anore.\-ia 
nervosa has been found to occur in individuals with a compulsion 
neurosis, so also was bulemia present in individuals who were mentally 
harassed. Therefore in some cases, measures other than dietary 
restriction were necessary to obtain weight loss. On the basis of the 
historj' and physical examination, appropriate studies were carried 
out, namely: complete blood count; Yolhard water-retention test; 
B.M.R.; blood cholesterol, lipoid phosphorus, sugar; glucose tolerance; 
quantitative urinary hormone assays; and Roentgen ray of the sella 
and long bones. 

Treatment in tlie main consisted of appetite-control, correction of 
eating habits, e.xercise and dehydration; endocrine and psychotherapy 
when indicated. 

Control of Appetite. Among the agents that are used in the control 
of appetite are dextrose, amphetamine sulphate, propadrine hydro- 
chloride, digitalis and belladonna. Lesses and Myerson*’ were the 
first to show that amphetamine, which is an adrenergic drug, would 
depress the appetite. Subsequent reports^ have confirmed tliis 

observation. The authors have also used amphetamine in the early 
cases treated. 

Propadrine hydrochloride was employed by Hirsh.*® The authors 
have also investigated this substance for its ability to control the desire 
for food and were able to confirm his results. 

Recently Bram® has advocated the use of digitalis as an appetite- 
reducing agent. The rationale was the anorexia and nausea resulting 
from the effect of this drug. Greene® has employed belladonna alone, 
and in combination with sedatives in a series of 45 patients to control 
the appetite. Bram and Greene state that no gross evidence of toxic 
phenomena was observed. 

Subsequently, amphetamine sulphate, a racemic mi.xture, was 
separated into two optically active isomers; one Avhich was dextro- 
rotatory and the other lajvulo-rotatory. These tv’o substances were 
independently investigated for their appetite-inhibitory action. Pre- 
viously with the racemic amphetamine, certain undesirable effects 
were encountered. These consisted of insomnia, irritability, “edgings, 
tenseness, and occasionally gastro-intestinal irritability. These e.\'citing 
factors were found to predominate in 1 -amphetamine. On the other 
hand, the d-amphetamine was found to include most of the appetite- 
depressant activity. The daxtro-rotatory benzedrine was initially 
given -t hour before meals. Subsequently it was found that the admin- 
istration 1 hour before meals gave the optimal effect. Later it was 
found advisable to ration the drug according to the hunger periods 
encountered during the day. The dosage of the drug was incrcascfl 
witli the tolerance. The maximum dose employed was 30 mg. and the 
average dose was 15 mg. per day. 
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Ryder/® Gordon and Von Stanley,® have attempted to curtail exces- 
sive appetite by the administration of dextrose in the form of tablets 
or grape juice, ad libitum. In many cases this served to dull the desire 
for food. 

Correction of Eating Habits. At the inception of treatment, the 
patient was given a list of foods which were to be avoided and another 
list of foods from which the daily menu could be selected. The patient 
was advised as to the caloric content of foods so that the common 
misconception, limitation of bulk meant limitation of caloric intake, 
could be dispelled. It was felt that if the patient could not understand 
the necessity for the caloric restriction, there would be no cooperation. 
The usual diet prescribed varied from 900 to 1300 calories, was high 
in protein, low in fat and carbohydrate. The use of bulky low-caloric 
food is of obvious advantage. The necessity of assuring adequate 
vitamin intake in the form of concentrates was stressed. Por an excel- 
lent source of varied daily menus of this type, reference is made to 
Bridges.^ The patient was also instructed to eliminate from the diet 
those substances which whet the appetite, especially alcoholic beverages 
and condiments. The avoidance of carbonated beverages because of 
their high-caloric value was explained. The necessity for correcting 
overeating by the formation of new eating habits was emphasized. 
Once this was accomplished, the individual was able to get along with 
less food, without pangs of hunger. 

Exercise. Setting-up exercises have long been used in the reduction 
of obese individuals. This is a worthwhile procedure providing the 
increased appetite as a result of increased activity is controlled. 

Dehydration. Diuretics have long been known and used in the forms 
of natural spring water containing various mineral salts. Hot mud, 
steam baths, cabinet baths, Russian and Turkish baths are popular 
even today. The chief objection to the latter form of dehydration is 
the fact that the craving for fluid and its satiation soon replenishes the 
body stores. The present armamentarium of the physician includes 
several diuretics such as ammonium chloride, pituitrin, mercurials, 
potassium salts, and other metallic salts. The authors have employed, 
in cases of fluid-retention, enteric-coated ammonium chloride in doses 
ranging from 45 to 120 gr. per day, and in a few cases mercurial diuretics 
in doses not exceeding 2 cc. per week intravenously. If these were used 
more often, the urines were checked more frequently. With the pro- 
longed use of these two diuretics, calcium depletion was noted in 
some cases. It was important to have the patient under careful observa- 
tion when any of these diuretics were given. 

Endocrine Therapy. Endocrine therapy in suitably selected cases 
^yas of value. In the presence of a low B.M.R., high cholesterol and 
lipoid^ phosphorus, and clinical signs of hypothyroidism, desiccated 
thyroid extract was used. Furthermore, it was believed that the 
administration of this drug in obese individuals with apparently normal 
thyroid function, was often effective in reducing body weight. 

The authors adhere to the view that certain glandular imbalances 
are manifested by a characteristic distribution of body fat. In the 



78 COLTON, SEUAL, STEINBKHG, SHECUTEU, I’ASTOK: 

hypopituitary indi\-idual, the adipose tissue was usually confined to 
the pelvic and mammary regions, .upper arms and thighs. In the 
hypothjToid patient, the adiposity was generalized in distribution. 
In the hypogonadal type, the distribution of fat was mainly troclian- 
teric. These constitute three of the more commonly encountered 
endocrinopathies in which obesity is a factor. The treatment of these 
cases will be presented in detail in a subsequent paper. 

It was found important to instruct these patients not to tamper 
with the diets or to adopt starvation rations because the\' felt that the 
loss in weight was not sufliciently rapid. As far as control of appetite 
in the cases presented herein, three groups of individuals were encoun- 
tered. These were arbitrarily classified as follows: 

1. Those who were able to restrict their caloric intake Avithout the 
aid of appetite depressants. (UsuallA' girls in their late teens and 
recently married women.) 

2. Individuals who desired to lose weight but were unable to control 
the appetite. (The majority of the patients treated.) 

3. Those who were unable to consistently adhere to a diet despite 
appetite depressants. (Chiefly middle-aged women and inactive 
youngsters with voracious appetites.) 

The majority of the patients were women. The amount of weight- 
reduction attempted in an individual was dependent not only on their 
ideal weight for their age and height, but also on their sense of Avell- 
bcing and resistance to infection. Jin individual may be 50 lbs. over- 
weight and lose 25 lbs. without any untoward effects. However, 
further attempts to reduce body weight occasionally may be attended 
by asthenia, and increased susceptibility to infection. 

Treatment. As a result of these various considerations the followinf; 
plan of therapy was adopted. iMost cases were primarily treated on 
the basis that reduction in appetite would produce a reduction in 
weight, incident to a loAA'ered caloric intake. At the institution of 
treatment, the patient was given a diet of the tA-pe previously outlined 
and was also informed as to the total number of calories permitted in 
1 day so that this amount could be rationed as desired. Thus individ- 
uals could resort to 4 or 5 small meals or 2 more substantial meals per 
day. The patient AA'as advised to limit fluid and salt intake. This diet 
to the c.xclusion of other therapy AA'as continued as long as there Avas 
a progressive AA'eight loss and the patient cooperated. When no further 
reduction took place it AA'as usually because adherence to the fiiet had 
become flifficult. At this point whether it occurred immediately or 
after .«eA'eral Aveeks, amphetamine sulphate, preferably the de.A'tro- 
rotatory form was giA'en. The patient AA'as interrogated as to Avliat 
time of day iiungcr aa'.ts most acute and the drug AA'as administer«l one 
hour prior to this. The aA'erage dose Avas 15 mg. daily. If this dose 
subsequently failctl to control the hunger, an additional 5 mg. Avas 
giA'en at the appropriate time. In most cases the foIloAving regime Ax'as 
found to be most efficacious: 5 mg. upon arising, 5 mg. at 11 A.M-, 
and 5 mg. at 4 r.M. Therapy AA'as maintained in this manner Avith .suit- 
able changes in dosage until there aaus an absence in AAcight rwhiction 
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for a period of 2 weeks. The daily dose even in the most resistant 
cases was not allowed to exceed 30 mg. Treatment was continued in 
a few individuals as long as 18 months without any untoward effects. 
However, the authors have held to the view that the drug should 
only be used as a temporary expedient to facilitate the formation of 
restricted eating habits. This period may vary from 2 weeks to 6 
months. This was determined by the substitution of placebos admin- 
istered in the same way at various intervals throughout treatment. If 
the weight loss continued on the placebo, the latter was utilized 
thereafter and subsequently eliminated entirely. If during any phase 
of the aforementioned period, weight loss failed to occur, and it was 
believed that the patient was adhering to the diet, it was necessary 
to resort to additional therapeutic agents. The next step was to 
administer a mild diuretic such as enteric-coated ammonium chloride 
in divided doses (45 to 120 gr. per day) as tolerated. Potassium 
chloride or other potassium salts could also be administered. These 
inhibit sodium ions thus limiting the retention of fluids by the tissues. 
Subsequently 2 cc. of Salyrgan-Theophylline were given intravenously 
at weekly intervals. Recently the action of the mercurial diuretics 
was found to be enhanced by the addition of 10 cc. of 20% Sodium 
Decholin. During this phase of the therapy, kidney function was 
routinely checked, although no instance of kidney damage was encoun- 
tered in this group. Obstetrical pituitrin was also found effective in 
some cases. When the patient became refractory to this additional 
therapy and the authors were convinced that the patient was carrying 
out the prescribed treatment faithfully, thyroid extract was employed. 
The dose ranged from to 3 gr. daily. 

After the initial rapid weight loss, many of the patients began to 
violate the diet or had the desire to do so. Since the eating habits 
vary from those of their families and friends, it was difficult for them 
to adhere to their diet. Subsequentlj'^ it seemed more desirable to give 
them intervals of temporary respite from the vigorous therapy. This 
was best accomplished by following each 6-week period, with a 2-week 
interval in which the patient was cautioned merely to attempt to 
maintain the weight status quo. During this time no doctor was seen 
and no medication was used. This procedure accomplished several 
things: (1) It determined whether or not the patient had acquired 
new eating habits. (2) It gave the patient mental relief and relaxation 
which was not present under supervision. (3) The patient was more 
amenable and cooperative to further treatment. (4) It better assured 
the attending physician that the patient would continue the treatment 
for longer periods of time. 

Tlie autliors do not believe in harassing an uncooperative patient 
to lose weight, because the mental anguish produced does not warrant 
the end-result. In most instances this type of patient usually regains 
the lost weight with amazing rapidity after cessation of treatment. 

Results, Approximately 300 unselected cases of obesity were treated 
for varying periods of time, ranging from 2 to 18 months. The fol- 
lowing cases are illustrative of the various types of obesity: (1) Hypo- 
pituitary. (2) Simple exogenous. (3) Fluid retention. 
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Case Studies. Case 1. Hypopituitary obesity. A IS^-year-old male, 
55f inches tall, weighing 123 lbs. The blood pressure was 110/80 and the 
pulse was 70. At 5 years of age a severe case of measles was followed by an 
excessive gain in weight. The bodily configuration was characteristic of hypo- 
pituitarism. The appearance was that of a 12-year-old {Fig. 1). The B.M.R. 
was —9, the complete blood count and urinalysis were norma,!. There was 
40% fluid retention. Because of an associated dwarflsm, thyroid extract was 
given orally and pituitary growth extract by injection. A high-protein, sub- 
caloric diet with adequate vitamin and mineral intake was prescribed. In the 
14 months of therapy, there was a growth of 4|^ inches and a weight loss of 
12| lbs. His weight reduction was much more significant than apparent from 
the actual figure as the patient was growing rapidly. The alteration in appear- 
ance from that of an obese youngster to that of a masculine youth was most 
striking (Fig. 2). 

Case 2. Exogenous obesity. A female, age 38, weighing 256| lbs., and 
63| inches tall. The blood pressure was 125/80 and the pulse was 80. The 
obesity began at the age of 7 with a sudden gain in weight which was progres- 
sive until the present. In one instance there was a loss of 78 lbs. in 6 months, 
as a result of dietary restriction. However, the weight was always regained 
following the cessation of the diet. There was occasional dyspnea upon exertion. 
The fat distribution was generalized, but was more marked over the abdomen. 
There was no water retention. The B.M.R. was -j-lO. A 24-hour urinary 
excretion of prolan and estrogen were nonnal. The blood cholesterol was 
205 mg. A 1000 calorie diet supplemented with vitamin concentrates was 
prescribed. Subsequently Dextrettes, amphetamine sulphate, 10 to 30 mg. 
daily, and thyroid. If gr. daily were given according to the plan outlined 
previously. There was a steady loss of weight which totalled 86 lbs., in 9 
months and was maintained for 2 months after cessation of therapy with a 
weight fluctuation of 5 lbs. 

Case 3. Fluid retention. A female age 53, weighing 385 lbs., and 60 inches 
tall. The blood pressure was 100/70 and the pulse was 88. The patient was 
thin until menarche at age 12, when there was a rapid gain of 50 lbs. There 
was a generalized fat distribution with a huge pendulous abdomen. Ankle 
edema was marked and folds of skin hung over the ankles. Complete blood 
count was normal. Urinalysis showed occasional hyaline casts with a trace of 
albumin; blood calcium was 10.5 mg.; blood cholesterol was 232 mg.; and the 
Volhard water retention test showed 95 % retention. On the basis of the marked 
water retention, 90 gr. of enteric-coated ammonium chloride tablets were 
given in daily doses; an 885 calorie diet, high in protein, low in carbohydrate 
and fat with fluid restricted to 1000 cc. per day was prescribed. This was 
supplemented with vitamin concentrates. The urinaiy output was not increased 
and the patient complained of gastric upset. The ammonium chloride w'as 
discontinued and Salyrgan-Theophylline, 1 cc., was administered intravenously 
at weekly intervals with resultant diuresis. Mter 8 weeks of this therapy the 
diuretic effect was no longer observed. Decholin sodium, 20%, 10 cc., was 
then added to the Salyrgan-TheophyUine, 1 cc. Marked diuresis ensued. 
This method of therapy was continued at weekly intervals for 8 months. 
There was a weight loss of 125 lbs. 

The gi-eatest weight loss encountered in this entire series was in this patient 
(Fig. 3). The least weight loss encountered was i lb. per week. The average 
weight loss for the entire group was 2 lbs. per week for the entire period of 
treatment. 

In Table 1, 50 cases were presented which were representative of the group 
as a whole, and the weight loss was depicted at intervals of 1, 2, 4, 6 and 12 
months according to the duration of treatment. In the entire group of 300 
cases only one-third were stiU under treatment at the end of 6 months, while 
at the end of 1 year all but 10% had either dropped out or had been discharged. 

The average weight loss during the 1st month of therapy for the entire 
group was 21 lbs. per week. The average weight loss for the entire group for 
the 2d 4-week inten’-al was 2.4 lbs. per week (range, 0.12 to 4.9 lbs.). The 
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average weight loss for the ensuing 8 weeks was L43 lbs. per week (range, 
0.22 to 3 lbs.). At the end of 6 months of therapy* the average weight loss was 
1.2 lbs. per week (range, 0 to 3.1 lbs.). The average weight loss in those patients 
treated over a period of 1 year was 0.8 lb. per week (range, 0.17 to 1.6 lbs.). 


Table 1.— Weioht Loss Accordikg to Duration of Treatment 



Sex 

.4i;c 

(yrs.) 

Hgt. 

(in.) 

Initial 

(wpt.. 

lbs.) 

1 

F 

13 

621 

159 

2 

F 

34 

GO 

1671 

3 

F 

16 

64 

1651 

4 

F 

25 

621 

1011 

5 

F 

10 

60 

1361 

C 

F 

35 

71 

235 

7 

F 

4S 

6U 

15S1 

S 

M 

12 

561 

131 

9 

F 

36 

63 

150 

10 

F 

25 

64 

177 

n 

F 

2$ 

62 

2131 

12 

F 

3S 

631 

2561 

13 

F 

27 

65 

247 

14 

F 

29 

63 

2571 

15 

F 

33 

641 

1651 

IG 

F 

2S 

62 

2721 

17 

F 

23 

65 

177 

IS 

F 

49 

611 

197 

19 

F 

2S 

62 

1S9 

20 

F 

31 

601 

136 

21 

F 

10 

621 

147 * 

22 

F 

17 

621 

170 

23 

F 

15 

621 

145 

24 

F 

19 

60 

2061 

25 

F 

15 

621 

1611 

26 

F 

45 

61 

217 

27 

F 

34 

611 

1591 

2S 

F 

12 

551 

1001 

29 

F 

23 

621 

ISI 

30 

M 

3S 

64 

203 \ 

31 

r 

51 

65 

167 

32 

F 

2S 

59 

132 

33 

F 

26 

6,3 

147 

34 

F 

52 

60 

201 

3.5 

F 

47 

62 

ISS 

36 

F 

42 

63 

1401 

37 

F 

51 

61 

1675 

3S 

F 

30 

671 

179 

39 

F 

27 

61 

1425 

AO 

F 

2S 

611 

IS6 

41 

F 

30 

621 

1971 

42 

F 

52 

(;2 

1S4 

43 

F 

31 

621 

211 

44 

F 

27 

611 

1.5,3 

45 

.M 

29 

66 

19S 

46 

F 

30 

61 

1S2 

47 

F 

40 

60 

1721 


F 

35 

631 

1631 

49 

F 

42 

621 

171 

,50 

r 

.30 

61 \ 

L54 


1 ino. 

2 mo^. 

4 mojf. 

6 

12 int». 

144 

136 

134 



167 

166 

150 

1261 

1321 

1531 

146 

144 

loo 

147 

155 

1501 

143 



133 

124 

130 



226 

231 

20S 

201 

295 

1541 

1531 

I 0 O 5 

loo 5 


12S5 

1231 

124 

124 


HS 

151 

1471 

141 

126} 

170 

164 

155 

143 

HI 

205 

202 

2001 

1S71 

ISS 

23SI 

22H 

1941 

1S0| 

1735 

229 

215 

210 

217 

2131 

243 

2235 

200 

1S6 

17$ 

14S1 

141 

13$ 1 



2631 

264 




162 

150 

160 

165 

U>S 

190 

1S55 

167{ 

155 

Hoi 

1S3 

173 

154 

1481 


124 

129 




13S1 

129 

121 



15$ 

151 




1441 

143 

131 



209?. 

20S 

205 



1035 

1471 




213 

195 

17$ 

176 

17S 

145 

139 




901 

S51 

SSI 



170 

161 




1931 

1S4 




159 

1555 

148 

142 


1221 

109 

1051 

1121 

IH 

1391 

13Si 

1335 



1S51 

174 

20s 



ISOI 

1751 

170 



1405 

134 




1491 

1451 

139 



107 

15S1 




134 

127 

120 



104 

152 




ISll 

1675 




177 


1SS5 

162 


1901 

176 

162 



1371 

1265 




1S2 





170 

103 




1565 

1041 

1475 



14$ 

142 

136 



L57 

153 




13*=^ 

127 





In those patients wlio were 100 to 150 Ib'^. oveirvcigiU, tfic average weicht 
loss for the 1st month of treatment was 3.4 lbs. i>cr week, while the averac^ 
weekly loss for the 1st 6 months of treatment was 2.0 lbs. per week, and for 
the l.«t 12 months was !/> lbs. From the Gth to the 12th month the avernce 
wciclR lo<s was 0.6 lb. f)or week. In thrr^e patients wljo were 50 to 100 !b-=^- 
nvenveicht, xh^ averace w(H^kly for the Ut mot\th was 3.1 lb«.: for tn^ 
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1st 6 months, 1.6 lbs., and for the 1st year, 1 lb., while the average weekly 
loss from the 6th to the 12th month was 0.6 lb. In those patients who were 
25 to 50 lbs. overweight, the average weekly loss for the 1st month was 2.2 lbs., 
for the 1st 6 months, 1.5 lbs., and for the 1st year, 0.71 lb. In this group it 
appears that there was no additional loss between the 6th and the 12th month. 
However, in those whom adequate loss was effected at the end of 6 months, 
treatment was withdrawn; while the few who had not lost sufficient amounts 
of weight were treated for the duration of the year, thus lowering the average 
weekly loss for the entire group (Fig. 4). 
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Fig. 3. — Weight loss in a case of water retention. 



Fig. 4. — Weight loss in patients with various degrees of overweight. 


In those patients who were not more than 25 lbs. ovenveight, the average 
weekly loss for the 1st month was 1.55 lbs., and for the 1st 6 months period 
was 0.6 lb. Treatment was not carried beyond the 6 months. From the fore- 
going it appeared that the average weekly weight loss was directly proportional 
to the degree of obesity. Instances of weight gain were offset by the subsequent 
weight losses in the same patients so that at the intervals noted, the average 
resulted in minimal losses as indicated in the ranges depicted above. 
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Discussion* As a result of 4 years of work in the treatment of 
obesity a plan of therapy has been evolved which the authors feel has 
proved most beneficial in effecting weight reduction in adipose indi- 
viduals. It was obvious that to obtain adequate weight loss, food 
intake had to be restricted. This was best accomplished by controlling 
the appetite. In maintaining therapy sufficiently long to produce 
adequate reduction, it was important to prevent the patient from 
becoming discouraged. Tliis was achie^^ed by applying various thera- 
peutic agents successively rather than all at one time. Tims each 
refractory period was met by utilizing an additional weiglit-reducing 
factor. 

There is currently no unanimity among investigators as to the 
specific etiologic factors in obesity. HoweA^er, where a definite cause 
existed, appropriate selective therapy was administered. 

Therapy was designed not only at reducing the weiglit of the patient 
without impairment of health, but also at attempting to create new 
eating habits. Obviously if the patient returned to old eating habits, 
the weight loss was rapidly regained. It was therefore important 
before commencing therapy to explain this fact to the patient. Thera- 
peutists have not sufficiently stressed this point. 

The follow-up of our patients showed that the majority of those in 
Group 1, the younger individuals who were more keenly interested in 
their appearance, maintained their weight loss long after treatment and 
supervision had been withdrawn. In Group 2 tlie incidence of those 
who maintained their weight loss was much smaller, while those in 
Group 3 for the most part did not warrant the effort involved. 

In private practice, prolonged refractory periods which discourage 
the patient, could often be avoided by utilizing therapeutic agents 
successively as previously mentioned. The results obtained during 
the first months of therapy usually determined the future cooperation 
of the patient. The patient slioukl be advised as to the regimen in 
general and as to the duration and mechanism, so that optimal coopera- 
tion may be oljtained. 

It has been noted that during the premenstnunn there was a tim- 
dcncy to fluid retention and a refractoriness to weight loss despite 
rigid adherence to the dietary regimen, including restriction of fluid 
intake. Tins has been previously reported by Thorn, Nelson ami 
Thorn-^ in a group of 50 normal subjects although they attributed this 
weight gain to an increased appetite and tliirst during the premenstrual 
period. As the fluid intake in our eases was limited, this fluid retention 
was probably due to tlic increased estrogen elaborated during tins 
phase of tlie cvele with a resultant retention of sodium chloride ami 
fluid. 

Some of the therapeutic .suggestions outlined herein were utilized 
C'omparativcly recently, so that it is possible that in subsequent 
on the basis of this plan, even better results may be obtained. 

In an attempt to fletennine tlie relative toxicity of the liextro- 
amphetaniine, its ability to mintrol the ajijietite. and its effect on 
drive, two of the authors (N. (' and .A. S.) p^Tsnnnlly tested tiie drmr. 



MANAGEMENT OF OBESITY 


85 


One of us (N. C.) took 40 mg. over a period of 48 hours with complete 
abstinence from food, water, or sleep, although continuing his normal 
activities. No untoward effects were experienced and the loss of these 
three necessities caused no undue discomfort. Another one of us 
(A. S.) took 110 mg. of the drug over a period of 72 hours without any 
food, water, or sleep. Here again, efficiency and comfort were not 
disturbed for the first 48 hours. Subsequent to this, a number of toxic 
manifestations de^^eloped which cleared up following the cessation of 
the fast and the withdrawal of the drug. It must be remembered that 
no food or drink was taken at this time. The details of this experiment 
together with laboratory studies will be presented in a subsequent 
publication. Suffice it to say, the drug is non-toxic in doses up to 
60-80 mg. over a period of 48 hours and has a remarkably exhilarating 
effect despite the absence of food, water, and sleep. In all the cases 
treated, only a few were unable to tolerate the drug, and in the majority 
of cases, adequate appetite control and increased drive was observed. 

Appetite depressants such as previously mentioned were only of 
value in facilitating the formation of new eating habits. Once this was 
accomplished, the drug was withdrawn. Any attempt at weight 
reduction in obesity must accomplish this or therapy will ultimately 
prove of no avail. 

The relative effects of the various appetite depressing agents utilized 
in this study, namely: dextro-amphetamine, racemic amphetamine, 
propadrine hydrochloride, and 1-amphetamine diminish in the order 
named. A few cases who could not tolerate dextro-amphetamine were 
able to utilize propadrine hydrochloride satisfactorily; in a few other 
cases the reverse was true. In 2 cases who were unable to tolerate 
dextro-amphetamine, the racemic compound was used without any 
untoward effect. 

Summary. 1. Three hundred cases of obesity were treated by 
dietary restriction and appetite control. 

2. Appetite was best controlled by dextro-amphetamine, although 
amphetamine and propadrine hydrochloride were found to be effective. 

3. Treatment was aimed at correcting eating habits so that the 
patient would have less desire for the high caloric foods. 

4. Various therapeutic agents (thyroid, ammonium chloride, Salyr- 
gan-Theophylline, and Decholin Sodium) were added successively to 
eliminate each refractory period. 

5. The average weight loss for the entire group for the therapj'^ was 
2 lbs. per week. The greatest weight loss was during the 1st month 
of therapy and averaged 2| lbs. per week. 

6. As a result of this study, an effective plan of therapy in weight 
reduction was advanced. 

We acknowledge with gratitude the generous supply of amphetamine (Benzedrine) 
sulphate, d-amphetamine sulphate, 1-amphetamine sulphate, dextrettes and placebo 
tablets received through the courtesy of Dr. B. Turner of Smith, Kline & French Com- 
pany of Philadelphia. We also wish to express our appreciation to Dr. 'SVm. H. Stoner 
of Schering Corporation for his generous supply of thjToid extract. The propadrine 
hydrochloride was provided by Dr. John Henderson of Sharp & Dohme Company of 
Philadelphia and is gratefully acknowledged. 
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It is tlie function of the barrier betw'een blood and cerebrospinnl 
fluid to regulate the exchanges and to maintain thereby a certain 
equilibrium between these two body fluids. Previous studies of the 
function of the barrier in both physiologic and pathologic conditions 
have relied essentially on functional tests which study the passage of 

♦ We are indebted to the Supreme Council 33 Degree Scottish Rite Masons of the 
Northern Jurisdiction, U. S. A*., for the financial help granted for our research work la 
schizophrenia. This work was carried out at the Spring Grove State Hospital, Catons- 
viUe, Md., and Saint Elizabeths Hospital, Washington, D. C. 
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exogenous substances from blood into cerebrospinal fluid.- Yet, it is 
obvious that the absorption by the general circulation of substances 
present in the subarachnoid space affects the relationship between the 
constitution of blood and that of cerebrospinal fluid. This particular 
aspect of the function of the barrier has attracted the attention of 
research workers in the fields of neurology, neurosurgery and psychi- 
atry.- This study was prompted by our general interest in.the pathology 
of schizophrenia. It represents another attempt to use methods of 
study of the barrier function in research work in schizophrenia. 

To begin with, we therefore selected 25 patients who showed distinct 
schizophrenic reactions. Information gathered from their life histories 
and the development of their illnesses added to the certainty of 
the diagnosis of schizophrenia of the type of Kraepelinian dementia 
praecox. 

The obtained results made us feel the need for a control study in 
normal individuals. For obvious reasons such a study could not be 
undertaken. We, therefore, resorted to a distinctly organic condition, 
namely, general paresis (56 patients), for the purpose of comparing 
the behavior of the test, to be described presently, in a so-called func- 
tional condition— schizophrenia— with its behavior in an out and out 
organic condition— general paresis. Finally, in the light of the results 
obtained in this comparative study, the latter was supplemented by 
an investigation of our problem in 9 patients who approached normal 
individuals as nearly as possible; Two patients with reactive depres- 
sion who at the time of the study were out of depression; 1 case of 
psychoneurosis, and 6 cases of psychopathic personality without psy- 
chosis. 


Table 1.- 

-Results in 

Case 1 

(M. B.) 

Illustrating 

Procedure 

’Phthalein injected 





'Phthalein in urine 

into subarachnoid 

Ththalein in 



Ththalein in 

accumulated 

space 

urine 

Elapsed time 

urine amount 

amount 

Time 

Time 

Hours 

Minutes 

% 

% 

9:32 A.M. 

10:03 A.M. 

0 

31 

Trace 



11:03 A.M. 

1 

31 

3.0 

3.0 


12:03 p.M. 

2 

31 

8.0 

11.0 


1:03 

3 

31 


11.0 


2:03 

4 

31 

3.0 

14.0 


3:03 

* 5 

31 

5.0 

19.0 


4:03 

6 

31 

3 0 

22.0 


5:03 

7 

31 

3 0 

25.0 


6:03 

8 

31 

5 0 

30 0 


7:03 

9 

31 

0.7 

30.7 


8:03 

10 

31 

1.0 

31.7 


9:03 

11 

31 

1 5 

33 2 


10:03 

12 

31 

3.0 

36.2 


11:03 

13 

31 

3.0 

39 2 


12:03 A.M. 

14 

31 

3 0 

42.2 


Sxmynari/: a. ’Phthalein appeared in urine 31 minutes after the injection. 
h. 11% was eliminated after 2 hours, 31 minutes. 

c. The elimination still continued after 14 hours, 31 minutes, -3%. 

d. The total amount eliminated in 14 hours, 31 minutes was more than 42.4%. 
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Procedure,^ We used the test advised by Dandy. It consists in the sub- 
arachnoid injection of 0.006 gm. of phenolsulphonephthalein and study of 
its elirnination through the urine. According to Band}’*/ phenolsulphone- 
phthalein introduced into the spinal subarachnoid space normally appears in the 
urine vithin 6 to 8 minutes; within 2 hours from 35 to 60% of the dye is 
eliminated. 

Our procedure in the application of the test was as follows: 

The patient was catheterized immediatelj^ before the lumbar puncture and 
the catheter was left in the urinary tract. The phenolsulphonephthalein injec- 
tions (1 cc. of the standard solution— 0.006 gm.) followed the removal of 
2~3 cc. of spinal fluid. The urine was allowed to drip into recipients containing 
a few cc. of NaOH, so that the appearance of phenolsulphonephthalein in the 
urine could readily be obsen^ed. Beginning with the first appearance of the 
dye in the urine, the recipients were changed, as a rule hourl}^ and sometimes 
at longer intervals, for 6 to 17 hours. In each of these specimens of urine the 
amount of phenolsulphonephthalein was determined. The results obtained in 
each case were summarized under the follo\nng items: n. Time of appearance 
of phenolsulphonephthalein in the urine following its intraspinal injection. 
6. The amount of d 3 ^e eliminated T\dthin 2 to 3 hours, c. The amount elimi- 
nated the last hour of observation, d. The total amount eliminated during 
the duration of the experiment. 

Summary of Our Findings, SchizoyhTenia—25 PatienU. (1) The • 
time of appearance of phenosulphonephthalein in the urine varied 
from 17 minutes to 1 hour and 47 minutes. (2) Within 3 to 4 hours 
the total amount of phenolsulphonephthalein excreted varied from 
2% to 52%. (3) Within 6 to 7 hours the total amount of phenolsul- 
phonephthalein excreted varied from 6% to 64%. 

General Paresis— 56 Patients. (1) The time of appearance of phenol- 
sulphonephthalein in the urine varied from 6 minutes to 3 hours and 
21 minutes, (2) During 3 hours the total excretion of phenolsulphone- 
phthalein varied from trace to 78%. (3) During 6 hours the total 

excretion varied from trace to 79%. 

Control Stndies—Non-''psychotic Patients— 9 Cases. Two patients 
recovered from reactive depression. One ps^^choneurotic and 6 psycho- 
pathic personalities without psychosis. (1) The time of appearance of 
phenolsulphonephthalein in the urine varied from 6 minutes to 2 hours 
and 3 minutes. (2) During 3 hours the total excretion of phenolsul- 
phonephthalein varied from 3% to 16%. (3) During 6 hours the total 
excretion of phenolsulphonephthalein varied from 14% to 70%. 

Discussion. Our findings deviate markedly from those which Dandy 
reported as normal values. The time of appearance of the d^^e in die 
urine is considerably delayed in most cases. The total elimination of 
the dye during 3 hours is distinctly below the normal level in the 
bulk of cases. In evaluating the data of this study, the question arises 
whether or not the^^ might be at least partly affected by the impair- 
ment of the kidney elimination of phenolsulphonephthalein. While it 
is to be regretted that the phenolsulphoneplithalein test of the renal 
function was not done in each of our patients, there was, however, no 
suggestion in any of them of cardiovascular or kidney involvement, 
either in the clinical picture or in the urine examination. The phenol- 
sulphonephthalein test for kidne}" function was, however, carried out 
in 12 patients; in all of them the urine elimination was well within 
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normal limits. Granting, that our data were not affected by any cardio- 
vascular or kidney malfunction, as appears to be the case, they should 
be attributed to slow return of the dye from the cerebrospinal cavity 
into the general circulation. It should be noted that the delay in the 
phenolsulphonephthalein excretion in our schizophrenic patients was 
similar and more marked than the delayed excretion in our paretic 
patients. 

Similarly, Weston^ in injecting phenolsulphonephthalein into the 
lumbar spinal cavity in dementia prsecox patients, noticed a consider- 
able delay in the appearance of the dye in the urine. It is interesting 
to note that the delaj'^ was longer than in paretic patients. According 
to Mehrtens and West,® a marked delay in the urinary elimination of 
phenolsulphonephthalein from the subarachnoid space is a significant 
indication of an organic disease of the central nervous system in cases 
in which the cerebrospinal fluid findings are not contributory. 

While these bibliographic data offer support for our findings in 
schizophrenic and paretic patients and also a fair background for 
evaluating them in favor of the concept that schizophrenia is an organic 
disease, we are not prepared to accept it as an established fact: first, 
that the absorption of phenolsulphonephthalein from the subarachnoid 
space into the general circulation is markedlj'’ delayed in schizophrenic 
patients and second, that the delayed elimination is indicative of 
organic involvement of the central nervous system. Our doubts are 
strongly suggested by our findings in the 9 non-psychotic patients. 
The delayed excretion is just as pronounced and in the first 3 hours 
even more marked than in the schizophrenic and paretic patients. 
Control studies in a fair number of normals are needed before one 
would be justified to use Dandy’s findings as criteria of normality. 
Until well-established normal standards are available, the finding of 
this study should be regarded as factual material, as yet not ready for 
an adequate evaluation. 

The writers wish to acknowledge the technical aid of Nettie B. Lord, R.N., and 
Madeline Palen, R.N. 
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THE CONSTITUTIONAL ASPECTS OF PEPTIC ULCERS*' 

By Jerome Kanevsky, A.B. 
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A. Introduction. The concept of constitution has developed synchron- 
ously with man's increasing knowledge of heredity and environment. An 
excellent historical re\new of the evolution of the concept of constitution 
(hand-in-hand with the age-old controversy of heredity vcrsits environ- 
ment) can be found in a discussion by Tucker and As in 

every controversy, the pendulum ultimately conies to a halt at some point 
between the extremes of its former excursions; thus, the following definition 
can be made: constitution is the complete biologic cross-section of an 
indiiddual at any one moment in his life, embracing the fixed terrain of 
his hereditary endomnent on which is interplayed the product of environ- 
mental stress and his reacting Involved, 

therefore, are an individual's morphology, physiologic equipment, racial 
background, age, sex, psychologic makeup, the complex interplay of the 
autonomic nervous system, endocrine system, and neurohumoral mechan- 
isms, tissue reactiidty to both physiologic and psychologic conditions, 
immunologic response and capacit5% the results of en\dronmental condi- 
tioning up to the moment of analysis, local tissue inferiority^— all these 
factors — some fixed, some fluctuating with the impingement of environ- 
ment — which, when integrated at any one moment in an organism's life, 
combine to form his constitutionA*^^*“^'^*^'®^‘^’^*^’^‘'^ 

When the interplay of these constitutional components makes for a 
diseased condition, such a constitutional orientation is termed diath- 
esis.** 

The scope of this paper is to review the predisposing terrain of gastric 
and duodenal ulcer. We do not plan to discuss the exciting etiologic 
factors except as they are related in a general way to the ulcer terrain. 
We shall present e\ddence that an ulcer type" exists; analyze the ulcer 
constitution in its \'arious panels; and show the etiologic significance of 
this terrain. 

Certain conditions that on occasion are associated with peptic ulcer, 
or which are too infrequent to enhance our knowledge in the direction 

^ Essay submitted in the 3d year course in Patholog^j*. University of Pennsylvania 
School of Medicine. 
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of this paper, will be discussed very briefly or not at all. These include 
renal disease, hepatic disease, prostatic disease, intracranial lesions, sites 
of heterotopic gastric tissue, appendicitis, cholecystitis, pancreatitis, car- 
cinoma of the gall bladder. Lane’s kink, uremia, tuberculosis, syphilis, 
arteriosclerotic processes of the gastro-duodenal vessels and their sequelae, 
malnutrition, the avitaminoses, sepsis, lead poisoning, cardiovascular dis- 
ease, and external trauma.®^ . 

B. Evidence for the Existence of an Ulcer Type. 1. Homogeneity of 
Comtitutional Characteristics. Older clinicians were famous for their 
“snap” diagnoses of certain diseases. Particularly susceptible to this 
type of diagnostic acumen are gastric and duodenal ulcer; for patients 
with these diseases have certain characteristics of personality, morphology, 
and physiologic activity in common. Ulcer is selective. Draper says 
“ Many human beings pass through similar environmental influences with- 
out evident damage but peptic ulcer is a case of selective environmental 
action on favorable constitutional terrain.”^® Hurst,®® Crohn,®'^ Miller,®® 
and other authorities®’®®’^®^ agree with this. 

The study of man and his division into constitutional types was given 
impetus by the pioneer and fundamental work of Stiller, von Bergmann, 
Di Giovanni, Pende, Eppinger, Hess and others. Detailed anthropo- 
metric, psychoanalytic, and physiologic studies have been added to their 
efforts and applied in particular to the ulcer individual. A constancy of 
constitutional characteristics has been found. In fact, Hartman states 
“ When one learns to recognize the type of ulcer bearing patient, one can 
predict that an ulcer is present almost without other aids.”®® Moynihan 
says he can diagnose an ulcer by correspondence, so pathognomonic is the 
psychologic panel.®®“ 

Section C is devoted to the detail of the peptic ulcer constitutional 
panels. ‘Work presenting evidence both pro and con is given there, but 
the bulk of the work indisputably shows the tendency to homogeneity of 
the constitutional characteristics of gastric and duodenal ulcer patients — 
a fertile terrain for the seed of ulcer. 

2. Heredofamilial Tendency of Ulcer. The familial tendency of ulcer 
with its underlying genetic implications is well accepted. Many interest- 
ing familial examples have been given.®^’^®"’^®’®^’'^®’®® Statistieal data is 
also prevalent®’®’®^'®®’®®’®®’''®’^^^’^^^ from which we summarize the following 
findings: (a) Families of peptic ulcer patients have a significantly greater 
incidence of peptic ulcer than families of normal people.®’’ (6) The families 
of every series of ulcer patients show a high percentage with a history of 
some disease of the upper digestive tract.®’’®®’®®’’’® The positive effect of 
the incidence of some form of stomach ailment in the grandparent on the 
incidence of ulcer in the F-2 generation is shown by Baueri® (c) A strik- 
ing series is presented by Willcox’®’ in which he obtained a family history 
of ulcer in 35 % and of d3’-spepsia in an additional 40 % of 40 soldiers with 
peptic ulcer evacuated from France in 1940 in contrast to 4% and 2% 
respectively among soldiers with no digestive disorders. The distinguish- 
ing feature of this series is the fact that it contains people exposed to a 
practicallj' identical environment. 

Broader aspects have been investigated in this direction where an entire 
diathetic ensemble was apparent including the dominance of a morphologic 
general heredofamilial gastro-intestinal weakness, sexual preponder- 
ance in this latter respect and in diseases in the zone of the vagus nerve 
in the masculine direction, and catabolic disease susceptibility.®®’®’”® 

The specific genetic mechanics have been suggested b^’’ some authors 
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but the problem is far from clear. Dauwe-'* reports that ulcer is inherited 
from the mother, but Riecker^^ finds this an inconspicuous phenomenon 
in his series. Aschner^-^ concluded that the gene for stomach inferiority 
is recessive and not sex-linked but Draper and Touraine^- counter by say- 
ing that it is difficult to conceive of a specific gene weakness as being 
responsible for so complicated a disturbance of the vegetative nervous 
system as that which results in gastro-intestinal lesions. They do not 
accept the condition as a recessive Mendelian phenomenon in view of the 
variability of external influences that may determine its expression. For 
the present, the genetic mechanism has not as yet been specifically deter- 
mined for this ulcer diathesis, but the linkage of many characteristics-- 
morphologic, physiologic and psychologic — is involved. 

Some authors disagree with the heredofamilial influence but not vnth 
its existence.^’^^® They^ suggest the effect of hereditary habits and con- 
ditioned status that a family carries with it for generations and imposes 
on its siblings as being the important factor rather than the heredofamilial 
one. It is these that make for the lack of absolutism in the field of con- 
stitutional terrain but it is Willcox's^^'^ series and other similar bits of 
dence that show the effect of an inherited diathesis. 

3. Age Incidence. Statistical anatyses and grouping of ulcer patients 
have shovm that it is largely a disease of younger rather than older 
patients.^^'^'®^ To Morrison and Feldman,®^ this suggests an endocrino- 
logic and nervous system background. It is remotely possible to interpret 
this as a genetic phenomenon akin to dela^^ed dominance. It is, however, 
very difficult to exclude accumulative psychic trauma which is prone to 
play a large r61e in these age groups. Highman’s series®^ showed peptic 
ulcer very'^ rare before puberty, a period of minimal ps^’^chic trauma* 
Therefore, no very conclusive evidence can be gleaned from the age inci- 
dence of peptic ulcer as to the existence of the ulcer constitution. 

4. Sc.r Incidence. Many statistical surveys as to sex incidence in 
peptic ulcer have been made and variable results obtained. Tliere are 
two reasons for this: First, peptic ulcer was formerly considered a dis- 
crete entity per sc but more recent work has indicated that the components 
of peptic ulcer, gastric ulcer and duodenal ulcer, are distinct disease enti- 
ties in themselves.^® Some authors issued statistical reports 
without regard for the ulcer site; others have had regard for the site when 
they made their surveys. Secondly, duodenal ulcer occurs 4 to 10 times 
as often clinically as gastric ulcer^®'®® and therefore statistics based on 
peptic ulcer distribution in the sexes without regard to anatomic site 
were overwhelmingly colored by the correlation betw^een duodenal ulcer 
and sex. It obviously makes no difference if the incidence of duodenal 
and gastric ulcer in the sexes were identical. 

But they are not identical. This report is based on those records in 
which a distinction was dra\TO between gastric ulcer and duodenal ulcer. 
On the whole, duodenal ulcer occurs 4 to 5 times as frequently in men 
as in women.^’®^’^^® Gastric ulcer on the average occurs about twice as 
often in men as in 

Crile interprets sex predominance of a disease incidence as an '^applica- 
tion of the genetic principle that the differences betu^een the sexes are 
deeply rooted constitutional differences of psyche and soma.'"-^ The 
genetic mechanism involved here is probably sex-Hnkage, where certain 
characteristics are borne in the unmasked '‘X” chromosome of the male 
that are in most instances masked by the occurrence of dominant genes 
in the other "X’’ chromosome of the female. Presumably, then, certain 
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predisposing characteristics that make for duodenal or gastric ulcer are 
sex-linked and this is more quantitative in the case of duodenal ulcer. 
Certainly more exact statistical studies are in order in this direction with 
the proper respect paid to the site of the ulcer and the subsequent division 
of the group into gastric or duodenal. 

5. Racial Selectivity. Most writers agree that peptic ulcer shows a 
unique selectivity in race. Peptic ulcer is more common among energetic 
racial types. Several series in geographic areas where both native negro 
and white population lived found the pure negro and lesser pigmented races 
practically immune to the disease whereas the white race alone was 
susceptible." " 

It is difficult to evaluate the situation. Environment, such as climate 
and many other factors, plays a role. But the attitude of the natives 
studied as well as that of a group of Chinese^® was that of stoicism and 
relative apathy. There was not the driving tenseness and ambition of 
western civilization. Civilization is, to a certain degree, the expression 
of the nature and constitutional background of the peoples from whom it 
springs — and in this way, racial selectivity of ulcer points to the restless, 
striving, taut psychologic panel of the white man. 

The fate of the American negro has an interesting bearing on the ques- 
tion just discussed. Upham^^^ dealing with 200 American negroes who 
were living in the worst economic and nutritional conditions and whose 
mouths were full of focal infection had the inconsequential incidence of 
only 1 case of ulcer. On the other hand, Steigmanffi^^ disclaims that the 
negro is immune to peptic ulcer because of his absence of psychogenic 
stimulation, and presents a statistical review of peptic ulcer in negroes 
from Cook County Hospital to prove his point. An investigation of the 
socio-economic factors indicate the basis for psychic stimuli, anxiety, and 
so forth, and no doubt, these did not fall on barren soil. 

Summarizing f this aspect, just as ulcer is more common in the tense, 
striving, ambitious, high-strung individual than in the phlegmatic, apa- 
thetic person, so races whose psychologic makeup is of the latter type and 
whose civilization has its roots in such soil and is expressive of it and con- 
sists therefore of minimal psychic traumatic content, will be less prone to 
peptic ulcer. The white race exemplifies the converse. The mechanisms 
involved will be discussed under Section D. When the races whose psy- 
chologic panel is of the more passive variety are subjected to a life rich in 
psychogenic traumatic content they continue at first with a minimal reac- 
tion to their new environment but soon the neurogenic and psychogenic 
factors take hold, as illustrated by Steigmann’s series.^'^ 

6. Seasonal Fluctuation. With almost mathematical regularity, peptic 
ulcer symptoms have been noted to recur in spring and fall. It has like- 
wise been observed that these symptoms are generally more protracted 
and not so quickly influenced by treatment in the spring.®^ This phe- 
nomenon of variability might well be correlated with Wade H. Brovm's 
concept of constitutional variation.^^’®^ 

7. Recurrence and Multiplicity. If a person has the constitutional 
orientation that predisposes to ulcer formation, we should expect peptic 
ulcers to have the characteristics of multiplicity and recurrence. Nota- 
tion of the recurrence of ulcer has been made by Crohn, Miller,^® Hurst,®® 
and others Friedenwald'*® and Hurst®® recognize the importance 
of the recurrence of ulcer clinically in regard to prognosis, treatment and 
prophylaxis. Eliason®® has said that the surgeon can remove an ulcer but 
cannot prevent its recurrence at another site if the patient is constitu- 
tionally predisposed to ulcer formation. 
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A statistical series on ulcer multiplicity made at Bellevue Hospital, the 
authors^^* found 29% of gastric ulcers multiple, and 50% of duodenal 
ulcers multiple. 

8. Experimental Ulcer and Psychosomatic Studies. Experimental ulcer 
and psychosomatic studies are valuable in affording a link in explaining the 
mechanics by which a predisposing constitution can develop ulcer. The 
largest amount of work has been done in the direction of neurosomatic 
and psychosomatic experiment<ation.““*'*®'^’^®*"®’^®'^^^ Their results have 
contributed the follmftdng: (a) Neural pathways existing as an anatomic 
bridge between psychic centers and soma, (b) The gastric phenomena, 
such as hj’perchlorhydria, h^^permotility, and hypertonicity, which are 
showm by most peptic ulcer patients, can be produced by stimulation of 
the neurovegetative center in the diencephalon — a center easily affected 
by psychic trauma.^---*^-*^ (c) The peptic ulcer lesion is limited to about 

4 inches of the lesser curvature of the stomach and the first inch of the 
duodenum, because this region is richest in vegetative nerve supply 
It is these two regions that are subject to the most quantitative, neuro- 
genic blitzkrieg'" which is especially severe in patients constituted of the 
psychologic type as our ulcer patient (c/. C. 2 below), (d) Wolf and WolfP^® 
observing the stomach through a fistula have seen the local gastric mani- 
festations and the actual production of an ulcer in a human, initiated 
through psychogenic stimulation. 

Having suggested the mechanics and established the pathways,^ an 
inherent diathesis explains why, under almost if not exactly identical 
environmental stimuli, some develop ulcers while others remain free. 
Diamond,-^ Held,^ Hartman, Cushing^- and others attribute the ulcer- 
effect of extrinsic secondary causes as due to a fertile terrain, in which 
dysharmony, instability and unusual reactivity of the vegetative nervous 
system, attuned vagotonically, and impinging along grooved neural 
pathways to a postulated diencephalic paras^mipathetic center, lay the 
groundwork. 

C. The Ulcer Terrain. By this complex factor, terrain, is meant the 
fertile soil on which the exciting causes of ulcer take root. Observations 
in this direction must be on pre-ulcer patients or on ulcer patients in which 
case attention is paid to those characteristics which are immutable and 
independent of the ulcer disease process. The question is simply: Is a pre- 
disposing characteristic observed, or one resulting from the disease process? 

The changed nutritional state during the active phase of the disease 
might very well be reflected in morphologic changes. The presence of 
annoying symptoms, pain, inadequate rest can distort the psychologic 
panel. ^ The physiologic panel, when the measurements are made in the 
presence of an active ulcer, may display reflex phenomena, spasm in the 
gastro-intestinal tract, changes in acidity, etc., rather than the state of 
intestinal conditions which preceded and predisposed to active ulceration. 

Feigenbanm and Howat criticize the entire physiognomic diagnosis of 
disease by saying that the disease itself may be responsible for morphologic 
changes and that these are manifestations of the disease.^ Stenbuck*^^ 
admits that the facies of ulcer patients changes strikingly with the state 
of ulcer development, nourishment and so forth. Rivers^^ objects to the 
anatomic pattern as being too fixed to explain so psychophysiologic and 
'd\mamic a problem as peptic ulcer. 

Rivers' objection can be overcome by completing the constitutional 
pattern of peptic ulcer patients, which in itself includes psychophysiologic 
processes as well as morphologic. Draper uses chiefly anthropometric 
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indices and measurements which are fixed and immutable and independent 
of the ulcer disease. He qualifies these measurements which might be 
influenced by the disease process. For example/®'^® he establishes the 
value of the ponderal index and significant lo\y weight as part of the 
anatomic panel of the ulcer diathesis by calculating these on the basis of 
top weight, i. c., before symptoms ensued or after cure. 

No observers have objected to the psychologic panel in this respect. 
They are confident in their ability to interpret whatever exaggeration or 
distortion of the psychologic panel incurred by the disease process and get 
at the root of the psychologic characteristics of the peptic ulcer personality 
as it was prior to the onset of the disease. 

The physiologic panel presents the biggest difficulties, especially in the 
gastro-intestinal aspects. Almost all the work was done at the time of 
roentgenologically diagnosable ulcer. This has no bearing on the problem 
because of the altered physiologic state of the stomach and duodenum 
(and perhaps elsewhere) resulting from the existence of a pathologic lesion 
there. As an indirect approach to the solution of this difficulty, Meyer, 
Maskin and Necheles®® have investigated certain characteristics of the 
asymptomatic members of families of ulcer patients. 

In discussing the component panels of the peptic ulcer terrain, a modi- 
fied plan of organization after Pende®® and Draper"®'®® is used here. It 
consists of three panels; morphologic, psychologic and physiologic. The 
latter is meant to include Draper’s immunologic panel, but since no work 
has been done along this line, its inclusion obviously adds nothing. 

1. The Morphologic Panel. In interpreting the correlation of the 
morphologic characteristics with gastric and duodenal ulcer, there must 
be a compromise with absolutism. One cannot expect 100% of gastric 
ulcer cases to be of one habitus and 100 % of duodenal ulcer cases to be of 
another. There is no fixed and closed pattern; anyone may get peptic 
ulcer — it is a tendency toward some morphologic form among gastric and 
duodenal ulcer cases for which we are looking. Robinson says “Every 
patient does not have to be of the type but it is only necessary to show a 
predominance of one or many of the gross measures of build in certain 
diseases to show a constitutional factor.”^®® 

Many investigators have worked on the problem and it is not easy to 
survey and interpret their work. Two factors cloud their results: (a) 
Anthropometric and statistical methods have not been universally used. 
Some authors have used merely descriptive methods. Others have not 
laid their work open to statistical analysis. Anthropometric terminology 
is confusing because of its multiplicity.®® (6) Peptic ulcer has only 
recently been considered as constituting two discrete diseases — gastric 
ulcer and duodenal ulcer. Morphologic patterns were established by some 
for the peptic ulcer type or the gastro-duodenal ulcer type without regard 
to site. Since duodenal ulcer occurs from 4 to 10 times as frequently 
clinically as gastric ulcer, all work done on a random sample of ulcer cases 
without regard to site would be influenced in the direction of the duodenal 
ulcer type, assuming it is different in some morphologic respects from the 
gastric ulcer type. 

T/ic Evidence Against a Morphologic Correlation. 1. Of those who 
regarded peptic ulcer as a unit and without regard for the ulcer site, 
Aschner,®®® Udaondo^®®® and Hegemann®'®-^' concluded there was no typical 
ulcer habitus. Hegemann condemns the predisposition to ulcer by the 
asthenic habitus. 

2. Miller,®® working on the correlation of gastric ulcer with the asthenic 
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habitus (the more recent concept) found only 35 % asthenics in his series. 
This, however, was submitted to no further statistical analysis. In this 
same article, however, ]\Iiller expresses his acceptance of the concept of 
constitutional background in peptic ulcer and agrees that it separates 
peptic ulcer into gastric ulcer (as distinct from) and duodenal ulcer. 

3. Feigenbaum and Howat^’*^ criticize physiognomic correlation with 
peptic ulcer on the ground that the disease itself may be responsible for the 
observed characteristics. The answer to this has been given above (see 
pages 94-95). 

4. The data of Feigenbaum and Howat^*’^ are commensurate with 
Draper’s but the authors are led to different conclusion because they used 
a different statistical approach. They used the standard error and sig- 
nificant difference technique and claimed that graphic figures alone cannot 
be accepted. Prom their study, they concluded that there is no anatomic 
characteristic distinctive of patients with peptic ulcer and that too much 
importance has been placed upon the role of physical constitution in the 
etiology of disease. 

Robinson and Brucer^®^ answer them specifically by stating that the 
measurements not showing significant differences in their series are those 
which have no bearing on gross build and that those measurements which 
do have such bearing, confirm and corroborate. Draper’s work. 

The work of those who find no correlation betw^een some morphologic 
pattern and gastric and duodenal ulcer is in the minority" and the bulk of 
the work overwhelmingly points to a correlation. Fiegenbaum and 
Howat have been answered adequately by Robinson and Brucer and by 
the use of measurements which are independent of the disease process or 
which are qualified, if under the influence of the disease, so as to render 
them under the domain of the ulcer predisposition period. 

Evidence for a Morphologic Corrclaitoiu As has been stated, the great 
majority of workers in the field agree that there is a morphologic type 
predisposed to ulcer, but unfortunately, they are not in complete accord 
as to the physiognomic pattern. 

A great amount of detailed anthropometric work has been done but 
it is not the purpose of this paper to present it in detail or in tabular 
form. The main outlines and substance only will be considered. 

Facial characteristics appear to be common to gastric and duodenal ulcer. 
It is to the work of Draper and his associates that much of this is due. 
Stenbuck^^^ and Caroli and Corman^^ have emphasized the facies of ulcer 
patients as of diagnostic value but it should be pointed out here that they 
admitted the effect of the disease on the facies and therefore, their contribu- 
tions in the direction of this paper must be considered in that light. 
Draper’s measurements of fixed points are of more value here. 

Some of Draper’s w’ork was done by comparing the gastric and duodenal 
ulcer head and face vdth those of several other disease-races, viz,, nephritic 
hypertension, tuberculosis, primary pernicious anemia, and gall bladder 
disease.^ ^^arious anthropometric indices were used and the ulcer patient 
was found to be intermediate in all respects to the other disease-races 
wdiether his ulcer was on the gastric or duodenal side of the p^'lorus. In 
this study, the statistical methods employed were accumulative percentage 
frequency curves and averages of the various indices. 

The facial design is not as different and as distinctively pathogpomomc 
from that of the average human being as to strike a distinctive picture in 
one’s mind immediately, but it can be recognized.^ The keystone is n 
hexagonal figure formed by the nasolabial folds, chin, and nose.”® The 
main'* facial proportions are such as to suggest a slightly vnde upper half 
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above a small tapering chin.*®’®^ Disproportionately increased mesomor- 
phy in the head and neck has been found by Sheldon.^®® High malar 
prominences are seen which give emphasis to the anxious, energetic and 
interested demeanor.^ There is a happy relationship between the inter- 
pupillary space and facial diameter^® and the palpebral fissures are 
widened sufficiently in most cases to show some sclera above the iris.®® 

There is disagreement between Draper and Stenbuck on the ulcer nose. 
Stenbuck^^® describes it as straight, of variable length, and emphasizes its 
lack of prominence, whereas Draper®®’®® attributes a long, thin nose to the 
ulcer male (low nasal index) and a shorter and wider nose to the ulcer 
female (high nasal index). 

Other characteristic findings are lateral incisors which are smaller than 
the central incisors, a sharp biting edge of the teeth, an extremely hard 
consistency of the teeth, labial version of the incisors continuous with 
the slope of the plate, an upper jaw which is marked by a deep palate, a 
narrow round anterior arch set with teeth of irregular size, a curing occlu- 
sion line, upper median incisors which project over the two lateral incisors, 
an acute angle of the mandible, a very short horizontal mandibular ramus, 
and a chin big in all directions.®®'®®’®^’®®'”® 

As to the gastric and duodenal ulcer habitus, there is not the degree of 
accord that exists in consideration of the facies. 

The most widely accepted viewpoint is that gastric ulcer cases are more 
often associated with an asthenic habitus whereas duodenal ulcer cases are 
associated frequently with a hypersthenic type of body form. 

Stiller®®“ made brief mention that the asthenic habitus predisposes to 
gastric ulcer. Carol! and Cormaffi® found 62 % of a series of ulcer patients 
belonging to the linear type habitus with a certain number of the re- 
mainder, however, diverging very sharply from this morphologic type and 
belonging to the opposite — the broad hypersthenic brevilinear type. These 
latter, they found, have duodenal ulcers which are least indurated. Be- 
tween these two extremes of bodily pattern, these men found intermediary 
types from which they draw the general principle that the more the linear 
morphologic type tends toward the lateral, the greater is the frequency 
of localization of the ulcer in the duodenum and the less pronounced the 
tendency toward cicatrization. Unfortunately, no further statistical ap- 
proach was used besides the percentile grouping. 

The fundamental concepts in this school of thought spring from Hurst. 
Hurst and Stewart®® say “ As the special facial characteristics discovered 
by Draper appear to be common to gastric and duodenal ulcer, whereas the 
special diathesis which determines the localization of the ulcer appears to 
be associated with characteristic forms of bodily habitus.” Hurst has 
presented us with the following tabulated concept of a hyposthenic gastric 
diathesis and a hypersthenic gastric diathesis;®®’®®’®^’®® 


Hyposthenic Gastric Diathesis 

Asthenic habitus 
Long chest 

Narrow intercostal angle 
Stomach in vertical position the 
pyloric portion steeply ascending 
— the so-called “dropped stom- 
ach” 

Predisposes to gastric ulcer 
Physiologic properties given below 
(page 105) 

VOL. 200, NO. 1— JOLT, 1943 


Hypersthenic Gastric Diathesis 

Hypersthenic habitus 
Short chest 
Wide intercostal angle 
Diagonal or almost horizontal 
position of stomach — the so- 
called “hypertonic” or “fish- 
hook” stomach 
Predisposes to duodenal ulcer 
Physiologic properties given later 
(page 105) 


4 



98 


PROGRESS OF MEDICAL SCIENCE 


Another point of morphologic differentiation between the gastric and 
duodenal ulcer individual is given us by Sheldon ei G^^mandromorphy 
is conspicuously absent in cases of gastric ulcer and upon arranging the 
patients in descending order of the g-index (secondary indications of bi* 
sexuality on a seven point scale), the lesion was found to move from far 
out in the duodenum steadily inward toward the stomach* Draper, on 
the other hand, finds subtle indications of the component of the opposite 
sex in body form in both the duodenal and gastric ulcer groups, supporting 
his belief that the ulcer patient, independent of the site of the ulcer, is an 
androgynous mosaic.^ 

Although Hurst and Stewart^ claim that the hyperstenic gastric diath« 
esis is present in almost 100% of duodenal ulcer cases, little anthropometric 
work has been done b}" the supporters of this school and similarly is found 
the lack of more exact and discriminating statistical methods. The con- 
cept of the association of the duodenal and gastric ulcer people with ex- 
tremes of habitus has found agreement in theory by Norman, Brugsch,^^ 
Bauer, Held and Goldbloom,^ Schneyer,^®' and Miller.^ 

It is difScult to interpret the results of Da Costa and Silva.^ They 
found ulcer among “bre\'ilinears^' localized 84.2% in the pylorodiiodenal 
region and among “ longilinears ” localized 67.7% along the lesser curva- 
ture. They do not use these terms synonyunously with hypersthenic and 
hyposthenic, for in the same paper^ it is reported that among both types 
of ulcers hypersthenicity is very frequent with only 13% of duodenal 
ulcers and 10% of gastric ulcers being hyposthenics. In addition to con- 
fusion in nomenclature, there is the difficulty that no further statistical 
methods were employed against a control group. 

If a random sample of peptic ulcer cases were taken independent of the 
ulcer site and examined morphologically, on the basis of our last discussion 
and of the 4 to 10 times greater occurrence of duodenal ulcer, it would 
be anticipated that the average would be a person fairly close to the 
hyperesthenic extreme. But this is not always the case. Pende,^ who 
says peptic ulcer is an exquisitely constitutional disease, finds, however, 
that peptic ulcer patients independent of the site of the lesion often cor- 
respond to a certain endocrinologic variety of his asthenic microsplanchnic 
t^-pe. Draper^® (who stands “in the middle of the road'^ between those 
who claim that the peptic ulcer race as a whole tends toward the asthenic 
habitus and those w'ho see a distinct habitus for gastric and duodenal ulcer 
respectively), who does appreciate the ulcer site in the patients he observes, 
says that the ulcer patient is of slender build though not necessarily^ com 
forming to the asthenic habitus, the leptotluTnic of Kretschmer/* the 
hy^erontomorph of Bean,® the linear ty^pe of Stockard,^^® the long-thin of 
Hippocrates, the microsplanchnic of Pende,^ and so forth. Detailed 
accounts of these latter may^ be found elsewhere along with anal.vses of 
their physical, mental and phy*sioIogic components.® 

Draper’s antliropometric technique is most exact but he restricted hi? 
statistical methods to accumulative frequency curves and to the compari- 
son of mean values. Robinson and Brucer^^*'®^ have used more satisfac- 
tory statistical methods but unfortunately ignored the site of the ulcer m 
their series. They reported that the ulcer patient tended to be of the 
jisthenic, slender-built, long-thin habitus. In fact, no hy'persthenics were 
found in their series of 70 cases. Robinson concludes'^ “ The lateral or 
broad-chested person escapes ulcer/^ In his series using a large control 
group, the average (wdiich is anticipated on the basis of the Hurst incept 
and the random assortment of ulcer cases to be on the liypcrsthenic side; 
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differed significantly in the asthenic direction with respect to the ponderal 
index and chest-height index. Both of these are fundamental indices. 

As has been mentioned, Draper takes the “middle of the road” course. 
While he did say that the peptic ulcer “race” as a whole tended toward 
the asthenic habitus, he does find differences between the gastric and 
duodenal patients in the direction of the Hurst school. He says that, in 
general, duodenal ulcer cases present the same morphologic pattern but 
almost every detail is slightly heavier or coarser.^® Draper^® says 
“ . indeed, this coarser or denser quality is seen more or less generally 
throughout the body and may sometimes aid in detecting the position of 
the ulcer.” In another paper^® he finds these differences of sufficient 
specificity and magnitude to claim their utility “almost beyond error” 
in locating the ulcer site as gastric or duodenal. These criteria may be 
found there. The chief differences that Draper finds are these: The 
duodenal ulcer patient has a more thickly set trunk, a subcostal angle 
not so consistentlj'^ narrow, extremities less eunuchoidal and less lanky, 
hands not so gracile, nails squarer, flatter, smaller, and with absent 
lunulje, and occasionally a higher ponderal index. 

Tscherning®^"^ and Ruhmann®^® agree with Draper that peptic ulcer occurs 
chiefly in the ranks of the linear type with certain admixtures of the lateral. 

Certain local morphologic characteristics may occur in gastric and duo- 
denal ulcer patients. These have not been correlated with an entire 
diathetic ensemble, nor have they been discussed with regard to incidence, 
thereby making their role highly speculative and problematic. One of 
these local conditions is the occurrence of aberrant or ectopic intestinal 
epithelium in parts of the stomach.®^ O. Miiller^^® finds the anatomic 
characterization of his vasoneurotic diathesis in the neighborhood of the 
ulceration. Melchior®®® postulates a duodenal diathesis or constitutional 
inferiority of the duodenum in which relative atresia, an embryologic 
anomaly, plays a role. 

Discussion of the local blood supply to the ulcer regions can be found 
by Reeves,®® Wilkie,®®® Robertson and Hargis,®® and others. The criti- 
cal area of the first portion of the duodenum, from the vascular point of 
view, is supplied by a variable artery of the end-artery type, the supra- 
duodenal artery. Wilkie®®® speculates as to the possibility of duodenal 
ulcer being more commonly met with in individuals in whom the supra- 
duodenal arises at a high level, running vertically downward to the duo- 
denum and thereby becoming more liable to strain and narrowing of its 
lumen. He offers clinical evidence for this. Reeves®® says that the 
arrangement of the plexus of vessels in the submucosa of the stomach and 
duodenum is such that increased resistance to blood flow occurs with 
subsequent slowing of arteriolar current and predisposition thereby to 
thrombotic and embolic phenomena. Deviations from the normal which 
are excessive in this respect may predispose to ulcer. Reeves speculates. 

The field may be summarized as follows: 1. No absolutism of correla- 
tion exists between gastric and duodenal ulcer patients and some morpho- 
logic form. 

2. The ulcer facies including expression and anthropometric qualities is 
common to both gastric and duodenal ulcer. 

3. The most widely accepted concept is that gastric ulcer is associated 
with the hyposthenic gastric diathesis and duodenal ulcer with the hyper- 
sthenic gastric diathesis. 

Unfortunately this concept needs more exact anthropometric and 
statistical studies than those that have been done. It certainly offers the 
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most satisfactory' explanation for the mechanism of ulcer localization. 
The principle governing intermediary types as indicated by Caroli and 
Gorman and the differences observed betv^een the gastric and duodenal 
ulcer habitus by Draper give partial support to this concept. 

Robinson^s observations which rest on the most sound statistical analysis 
and upon a large series, in which, however, no attention was paid to the 
ulcer site, indicates that the peptic ulcer group as a whole is associated 
ndth the asthenic habitus. We must assume that this series was a random 
one without an abnormal predominance of gastric ulcer cases, 

4. Certain local constitutional phenomena have been presented but their 
role in peptic ulcer is still problematical. 

In order to definitely settle the problem, new series should be studied 
with attention given to the ulcer site. The standard error and statisti- 
cally significant technique must be used to establish the validity and 
significance of the differences between the gastric and duodenal ulcer 
habitus. Five fundamental anthropometidc indices would be sufficient. 
Some of the work already done might be amenable to further statistical 
evaluation. It is only then that Robinson’s series could be tested and 
Hurst’s diathetic extremes placed on more firm ground. 

2. The Psychologic Panel. ^'The personality of the patient is the 
inciter to the ulcer and its exacerbations, and is the soil on which the 
seeds of ulcer mature.”^® Peptic ulcer displays unique selectivity in this 
panel. Robinson^*^® says the outstanding fact about an ulcer patient is his 
temperament and that only those individuals with a specific inherited 
susceptibility will succumb to peptic ulcer, those of us with a well-defined 
type of emotional instability. 

A striking uniformity of temperament is noted; the lethargic ulcer 
patient is a rarity. Ulcer is found in individuals who are under a constant 
nervous and mental strain or whose psychologic makeup is such that they 
impose such an en\dronment and mental state on themselves by virtue 
of their intensively ambitious and driving traits. When we observe them 
in any of their activities, we find them keen, intelligent, attentive and 
active,- They are high strung and emotional without the capac- 
ity to relax.^'^-^ Being jittery, hyperkinetic, hyperirritable and hyper- 
excitable, they frequently appear a bit stimulated, often resembling 
patients with a mild hyperthjToidism,-^-**-*^^'^®^ 

Although of apparent independence and of the '*’s\ide-awake,” gn* 
getter” type, and at the same time extremely efficient and persistent, they 
are frequently frustrated in the pursuit of their activities by their too 
labile energy supply.^®*^^»^*^°^ Their quick fatigability" and little endur- 
ance necessitates frequent rest periods which, when combined with food 
and relief from anxiety, promptly rehabilitates them.^^ Because of this 
fluctuating capacity for activity, they attempt new activities all the 
time in an attempt to avoid fatigue through new stimulation and so we 
find the outlet of their energy not poured into a single concentrated 
channel but scattered in several enterprises. 

Adding more to their frustration are their standards of perfectionism 
and conscientiousness which fasten their attention to their projects and 
allow’ for no mental relaxation w-ben physical fatigue ensues.®*®’’*^ 0” 
occasion, how'ever, goaded by their high standards, they are capable of 
unusual physical and mental performance of a sustained nature and this 
enables them to do certain things exceedingly well but ahvays at the 
expense of physical requirements and mental relaxation. 

Hartman^^ says that the nicer psychologic panel implies a man who is 
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faced with obstacles that prove to him a trial and a handicap but which 
he must endeavor to overcome because of his perfectionist, conscientious 
and ambitious self-driving nature. He then finds himself with more 
responsibility than he is able to carry and, as a result, exliausts himself 
mentally and physically with the synchronous exacerbation of the ulcer 
syndrome.^®^ Rivers®^ attributes part of the assumption of unusual 
responsibility to the success they achieve by dint of their intensive ambi- 
tion and dri'v’^e, and adds that the outcome of this forces on them a per- 
sistently tense environment rich in mental strain. This is corroborated 
elsewhere.®® 

His psychic dynamics ai’e on the hyperactive side. Alvarez® says: 
“ .... in many cases, the tendency to the formation of ulcers is based on 
the abnormally high reactivity of the individual.” Hypersensitivity, re- 
duced mood stability, rapid expenditure of emotional energy, overactive 
psychomotor activity and a strong hysterical trend are dominant in the 
picture.^^’®^'®®'^’^®® Clasen^^ claims that psychic imbalance exists in our 
ulcer friend and leads to personal and environmental dysharmony. 

The ulcer patient responds too vehemently to little things that disturb 
his every-day pattern and routine.® The patients themselves admit taking 
things too seriously. Casuality does not belong to them whether it be 
routine work, relationships with people, or a critical event. 

Being timid, fearful, gullible, overprecise, apprehensive, hesitant, san- 
guine, suspicious, hyperintrospective and Casily excitable, events which 
would roll off a person of more extrovert and self-confident nature, upset 
and worry the ulcer personality.®^’®® Worry dominates his person. 

These are not all seen on the surface. Whether it is his self-conscious- 
ness and extreme sensitivity or mass pressure that controls his outward 
emotional display, our ulcer patient shows external emotional control.®’’'®® 
This is coupled with sustained reaction to psychic trauma.'®' He is 
marked by emotional continence and thereby becomes labeled distant, 
shy, reserved, cold, etc. When his temper is ultimately released in out- 
ward expression, it is violent, and, interestingly enough, associated with 
marked visceral dysfunction.'®® Like all the highly introspective, he acts 
well within the figments of his imagination but his hesitancy in actuality 
is extreme.®"’'®® His self-consciousness manufactures the weights that 
hang on his mind and he appears glum and serious — the world is watching 
him, his lack of grace, his inadequacies. It is said by S. C. Robinson'®® 
that the calm exterior of the ulcer patient covers vegetative stimulation 
on a subconscious level. 

Many observers have further analyzed the depths of the psychic panel. 
From Mittelmann and Wolff;®® peptic ulcer people “commonly showed 
assertive independence and self-sufficiency covering underlying anxiety 
and insecurity and accompanied by feelings of resentment and hostility.” 
Basically, there are feelings of insecurity and dependence but these are 
disguised and compensated for by perfectionism and a show of indepen- 
dence and the assumption of excess responsibility.®® Draper and Touraine®® 
report an androgynous situation within both sexes of the ulcer group 
which results in obvious conflict with environment, maladjustment, and 
chronic anxiety from the individual’s sensitiveness to the component of 
the other sex in his personality. The male members of the ulcer sex have 
a strong heterosexual urge whereas the female ulcer people do not.®'’'®® 

Alexander,® while stressing the importance of the psychologic terrain 
on which the emotions play, finds intaldng and incorporative tendencies 
most conspicuous in peptic ulcer people and these are fought^ainst by 
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the patient because of their connection vnth a sense of guilt and inferiority 
leading to their denial Alexander then assumes that the stomach symp- 
toms are conditioned the repressed and pent-up receptive and aggressive 
taking tendencies which serve as chronic ps^xhic stimuli of stomach 
function. 

Miscellaneous psychologic investigations find the ulcer personality well 
equipped ndth qualities that make them good opportunists, while not 
gifted in the fields of executive ability and planning capacity 

The electroencephalogram has been applied to peptic ulcer patients.^^ 
Two groups of records resulted. The majority exhibited a dominant Alpha 
record 3^ times greater than in the normal control group. This is enough 
for a definite correlation to be made between peptic ulcer and a dominant 
Alpha record which in turn is correlated with passive, receptive, dependent 
types of people. This is fairly in accord 'wdth the personality arrived at 
on anal^^sis of the peptic ulcer psychologic terrain.®^ 

The remainder of the patients fell into the low Alpha group who exhibit 
a reactive and opposite personality structure than the above. 

3. The Physiologic Panel. All observers agree that some imbalance 
exists in the autonomic-endocrine equilibrium. So complex and basic a 
problem cannot be ascertained in the short time that study has been 
devoted to it. General terms such as ^'lability’" and 'M!y[)(':*('xciia])iHty^^ 
of the autonomic nervous system are accepted but the .qjcciiic (lualisaiive 
nature of the problem along wdth its extent is still undecided. 

Durante^" states: “There is no pathological function of the gastro- 
intestinal tract that cannot be produced by enhanced innervation.*' 
Eppinger and Hess^^ say “iMany diseased states including gastric ulcer 
are associated with autonomic stimulation and the possibility exists that 
a constitutional tendency of the organism's reacting in a definite way to 
such stimulation may lie at the root of the matter.” 

Specifically, the predominant conception is that of vagotonia. An 
analogy has been dravm between the peptic ulcer syndrome and that of 
vagotonia.'®^ Cushing finds nervous instabiHt 3 % characterized as vago- 
tonia, characteristic of the peptic ulcer terrain.^ This state of vagotonia 
has been said to arise from several sources, hyperirritabilitj' of the vagus, 
inadequacy of the sympathetic nervous system,^ and quick fatigability 
of the sympathetic nervous system under prolonged stimulation with 
resulting vagal dominance.**^ 

We will now present the experimental evidence both pro and cow in 
reference to a state of vagotonia as part of the physiologic terrain of peptic 
ulcer. 

Etidmcc Favoring Vagoioiiia. 1. Experimental production of ulcer hy 
damaging the vagus, tlie sympathetic, the celiac axis, and so forth. 
Stimulation of the vagus produces the phenomena of gastro-intestinal 
pathology seen in ulcer.^^ 

2. Stigmata of vagotonia: (o) Facial pallor in 00% of WestphaFs ulcer 
patients.*^"^ (b) Cold and sweaty palms and soles in 00%.'*'' (c) Certain 

electrocardiographic signs (Draper and associates'^), (d) Low systolic 
blood pressure.'^ *®^ (r) Pulse slow to nonnal*^^ (/) Gastro-int^tinal 

phenomena characteristic of increased vagal (g) Exoph- 

thalmos.*®* (h) Dermographism.*®* (?) Vasomotor disturbances.*®' (/) 
The Aschner phenomenon in a large percentage of cases (Peritz^ and 
Fleischer^). (/:) Various cardiovascular phenomcna.^^ (/) Vagotonic re- 
sponse to adrenalin-* and to other drup.^®’^ (m) Exaggerated periphenu 

reflexes.'* (n) Spasmophilic disposition (Peritz and Flcischcr=*D» W 
Absence of tremor.*^ 
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3. Ulcer occurs in early life, a time when vagotonicity normally pre- 
dominates.^ 

4. The vagotonic state persists after the healing of the^ initial ulcer 
while the neurogenic secretory and motor disturbances continue.^® 

5. De Langen^^" interprets absence of ulcer in Javanese natives as being 
due to the fact that most of them were sympathicotonics. 

6. Seasonal exacerbation simultaneously with the seasonal fluctuation 
of vagus irritability 

Evidence Against Vagotonia. 1. Existence of mixed stigmata, i. e., stig- 
mata due to sympathicotonia existed simultaneously with others due to 
vagotonia.^^’®®’^®^ Draper et al.^^ explain this by saying that the entire 
autonomic nervous sj’^stem in people with the ulcer constitution is in 
high tension and is labile but that there is a special emphasis upon the 
parasympathetic division. 

2. Cases of marked vagal involvement have been found where no gastric 
or duodenal ulcer was concomitantly found.'^ 

3. The stigmata characteristic of vagotonics are not all corroborated by 
experimental work; (a) Winkelstein found exaggerated responses to 
adrenalin and atropine.^^® (b) The dermographic reaction time of peptic 
ulcer patients was not significantly different from a normal control group.®* 
The authors suggest that this contradicts a generalized neurospastic ten- 
dency of the blood-vessels, (c) Necheles and Levitsky,*® repeating the 
experiment of salivary response to pilocarpine in peptic ulcer patients, 
found the response of the ulcer group significant^’^ lower than that of the 
normal control group. This speaks against generalized vagotonia. The 
concept does exist that vagotonia may be generalized or localized.*® (d) 
Winkelstein finds the excessive response of the peptic ulcer group to 
mechanical, electrical and pharmacologic stimulation indicative of a labile 
vegetative nervous system and not of a disturbed or imbalanced nervous 
system.^*® This overirritability persists after surgical cure suggesting 
a general bodily state.^*® (c) Low blood pressure is not always found. 
Steigmann^'* and Hurst®® report systolic readings which are 10 to 20 mm. 
of mercury higher than Robinson and Brucer’s readings.^®* ’^®* 

The pro and con on vagotonia as part of the physiologic panel of peptic 
ulcer leaves the matter in an unsatisfactory state. Much experimental 
work must be done and repeated. The possibility of effects of the disease 
process must be taken into account. Generalized vagotonia probably 
does not exist in the majority of ulcer cases. A labile vegetative nervous 
system is typical of the peptic ulcer physiologic panel. Whether localized 
vagotonia exists in various areas is still problematical. In this regard 
Necheles and Levitsky*® suggest the interesting concept that certain 
centers in the brain may be in a state of increased activity while others 
are depressed, normal or reflexly inhibited, c. g., the salivary center may be 
depressed while the gastric acidity secretion center may be hyperactive. 

This general instability of the autonomic nervous system is evidenced 
by the vasoneurotic diathesis of Muller and Heimberger®®“ in which peptic 
ulcer patients show a congenital and often inherited condition of dys- 
harmony of the peripheral vessels and vessels of the gastric mucosa. They 
come to this conclusion through histologic examination of these blood- 
vessels when they observed great irregularity in course, caliber and anasto- 
moses as well as of tone, of the arterioles, venules and capillaries. Yet, 
when put to a physiologic test, a dermographic reaction time e.xperiment 
revealed no spastic tendency in peripheral blood-vessels.** Sustained 
nervous reaction time has been found characteristic.^®* 
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4. Petersen and Levinson,^ working on 3 cases of peptic ulcer (and there- 
fore results are to be taken \^dtli reserve) report an increased b.ni.r., a more 
irritable musculature, a slightly decreased carbon dioxide combining power 
of the serum, higher resistance of the skin to electric current and longer 
Kromayer light reaction time. Robinson, howe%"er, reporting on more 
cases, finds the b.m.r. low to normal, 

5. Leukoc^'tes normal, blood cholesterol normal/^ calcium blood level 
normal,^' gastric ulcer has a hemoglobin of 75% and duodenal ulcer of 
90% without hematemesis or melena,^ 

6. Electroencephalogram reports show the majority of peptic ulcer 
patients with a dominant Alpha record and the remainder falling into the 
low Alpha group. 

7. The ECG correlates have been reported as a shorter P-R interval, 
an extremely long Q-T interval, sinus arrhythmias commoner than in 
normals especially in the third and fourth decades, pulse rate slower than 
normal especially in the fifth decade, and a curve that is steep and abrupt.^ 

The gastric and duodenal ulcer constitutions are far from complete. 
The work that has been done is not all satisfactory because of the disre- 
gard for the ulcer site and the inattention to the changes in the various 
panels effected through the disease process. The greatest lack lies in a 
statistical correlation bet:^veen the panels themselves. The psychologic 
panel seems common to both gastric and duodenal ulcer diatheses and yet 
it is unknown how it is statistically correlated witli the gastric and duo- 
denal ulcer varieties of habitus and physiology. Hurst’s diathetic en- 
semble embraces morphologic and physiologic components, but leaves 
the psychologic untouched. This work is needed to provide more specific 
evidence for the genetic mechanics involved, such as linkage, and to 
firmly establish the gastric and duodenal ulcer terrains as entire diathetic 
ensembles. 

D. Relation to Pathogenesis. For the sake of simplicit 3 % the peptic 
ulcer disease state can be expressed algebraically’ as « = ic, where a is the 
peptic ulcer state, b, en\’ironraent, and c, the congenital terrain. This 
paper has dealt with the diathetic terrain of peptic ulcer and not with 
environmental factors. In no way’ were we trying to minimize the role 
of the latter and overemphasize that of the former. The above simplified 
expression is a product: an individual with a highly’ fertile soil will ^cape 
ulcer if environmental stress and tension are negligible; the converse is true 
when the terrain is barren. 

The following brief review will concern the possible relationship of the 
peptic ulcer terrain to the pathogenesis of this condition. The manu- 
script will not deal with the controversies of the pathogenesis of pept*^ 
ulcer. In the broadest sense, peptic ulcer can be looked upon as a due* 
between the resistance of the mucosa and the aggression of mechanico- 
chcmical factors. In light of current theories, it will be pointed out how 
the peptic ulcer constitution decreases the resistance of the ulccr-bcanng 
tissues or increases the aggressiveness of these mechanico-cheinicai 
factors, 

1. Indirect of Ge.vetic Relktionship. It is generally agreed that 
peptic ulcer is but a local manifestation of a systemic state and thus, th^ 
role of sy’Stemic orientation lias been 

Peptic ulcer is viewed as a local secondary phenomenon, secondary' to 
.sy'stemic predisposition.®-^’^^**®^-^^^ Winkelstein^^ has put it aptly'-^ 
“Given, for example, an individual often of a certain morphologic ty'pe. 
in a family' predisposed to the ulcer di^^ease, with tissues that react nnfavor- 
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ably to exogenous trauma, with a labile vegetative nervous system which 
initiates or exaggerates the unfavorable tissue responses, with a stomach 
that secretes an eroding gastric juice, an individual who reacts unfavorably 
to exogenous strain, we have most of the constitutional conditions entering 
into recurrent peptic ulcer formation.” 

General correlation of characteristics in people predisposed to diseases 
has been mentioned.® Barker^ presents the general concept of constitu- 
tional grouping with correlation of characteristics including physiologic 
and emotional responses, and resistance to disease processes. Specifically,®® 
in peptic ulcer patients, there have been found frequent enough repetitions 
of combinations of characteristics that the observers were enabled to pre- 
dict other panels with great correctness, on the basis of their knowledge of 
one panel. 

The tendency of characteristics to remain in their original combination 
is not a new phenomenon. The genetic mechanism of linkage explains 
this. In linkage, genes on the same chromosome tend to remain together, 
the more so as they are physically closer together and therefore the char- 
acteristics dependent on such genes remain together or “linked” accord- 
ingly. Linkage is a strong possibility as the underlying mechanism here. 
Unfortunately, man’s large number of chromosomes make him an incon- 
venient genetic subject and coupled with the lack of interpanel statistical 
correlation, one cannot be more specific. From the work done, the same 
psychologic panel seems linked to both hypersthenic and hyposthenic 
gastric diatheses whereas a different morphophysiologic ensemble seems 
associated with respective diatheses. Bauer® has said that the relationship 
of the primordial genes may be linked with certain somatic and psychic 
characteristics which are predisposing to disease. 

2. Direct Relationship. Bauer® calls this the “ pleiotropic ” relation- 
ship and it consists of fitting in the constitutional characteristics of the 
ulcer patient in terms of the dynamics of the disease process. This follows 
below. 

(a) Neurosomatie Elements. From our previous descriptions, the impor- 
tant characteristics of the ulcer patient, whether duodenal or gastric, which 
are particularly influential here, are a great lability of the nervous system 
with possible parasympathetic dominance, a sustained reaction time to 
psychic stimuli, and easy susceptibility to vasoneurosis. The fundamen- 
tal concept is set forth by Durante:®^ “The life of the gastric cell is 
dependent on the integrity of the sympathetic nervous system.” Con- 
stitutionally predisposed nervous systems have “inherited grooved path- 
ways,”®^ through which psychic trauma plays havoc with the gastric cell. 
It should be mentioned that this differs markedly from Held’s concept of 
conditioned constitutional status through neural reactions.®®’®^ References 
made above to experimental ulcer production through neural stimulation 
and other techniques and to psychosomatic studies revealing local intes- 
tinal reactions leading to pathologic changes have afforded us corroborative 
evidence in this direction. 

Based on these findings, Rivers,®®-®® Winkelstein,'®® Cushing,- Alvarez,® 
Eustermann,'*®’^® and many others®®-®®-®®-®®-®®-®®-®®-®®-^''*5.B3, 54,55. 73,85.101,102.105 
have contributed a schema and succession of events in a predisposed indi- 
vidual with neurosomatie and psychosomatic orientations described below: 

Predisposing Nevrologic Condition: (1) Sjnnbol stimulus through high 
cortical centers.®® (2) Vasoneurosis.®^-®® (3) Autonomic stimulation.®®-®® 
(4) Chronic imbalance of the autonomic nervous system.®®®-®®® (5) Over- 

sensitive vasomotor instability.*®-®® 
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Resulting Gastric and Duodenal Phenomena: (1) Bombardment of 
stimuli on lesser curvature of stomach and first portion of duodentun*^^ 
(Adequate neural mechanisms exist to ex^plain this and the other phe- 
nomena.^^®) (2) Marked vascular spasm in some areas leading to ischemia 
of the area supplied and which, when continued sufficiently long, allow 
autodigestion and ulcer (3) Hemorrhagic 

areas have been reported also mth local ulcer foci resulting. (4) Pyloric 
spasm, hyperperistalsis, hyperacidity, high pepsin, hypersecretion, in- 
creased gastric contents, decreased protective mucin production— all 
allowing an ulcer or de-epithelialization that has occurred to remain and 
become (5) Myospasm clamping off vessels 

thereby' lessening resistance of the mucosa to increased acid and pepsin. 
(6) Additional steps added in the pathogenesis are gastritis, minor mucosal 
erosions and abrasions prolonged b}^ the above factors. 

It should be mentioned that the predisposed patient has this neural 
mechanism set off quickly stimuli not affecting the normal and by 
s^nmbols and vasoneurotic conditioning. He has them frequently and on 
a chronic scale due to his chronic A^getative instabilitA^ TJ)e acute re- 
sponses to conditioning or psychic trauma are Anolent and sustained. 
The persistence of the ulcer in cases of de-epithehalization, wdiich Winkcl- 
stein^-^ considers a common lesion and heals without scarring in the nor- 
mal, remains because of the frequent occasion of this chain of events phis 
chronic factors listed beloAV (c and d). 

(6) Endocrine Elements. This is still too problematical for any direct 
mechanism to be inAmked in detail. 

(c) Local Conditions. There has been a liypothesis that tlie suscepti- 
bility of tlie ulcer-bearing areas to disease is out of proportion to that of 
the rest of the stomach and body tissues.^ These are giA^en bcloAv and it 
is not yet knoAAm AAdiat correlation these bear to diathetic ensembles: 
(1) Tendency to independent localized myospasm producing ischemia and 
decreased resistance to digestive activity.^- (2) Tendency’' to localized 
Avascular spasmophilia^ Avhich produces the same effect as the above. 
(3) Abnormal sensitiA*ity of tissue to trauma.^^ (4) Abnormal sensitiA'ity 
of vessel wixlh to trauma.^* (5) Localized endarteritic and arteriosclerotic 
processes leading to pathologic Avascular plienomenu.”’^"' (6) Occurrence 
of aberrant intestinal epitlielium on tlie lesser curvature Avhich is less 
resistant to gastric secretions than normal gastric mucosad-^ (7) '^Duo- 
denal diathesis” of Melchior^^ in AA’hich there is a constitutional inferiority 
of the duodenum in the form of relatiA’e congenital atresia producing a site 
of local duodenal irritation and predisposing thereby to duodenal ulcer. 
(S) Status lymphaticus^ confined to the stomach favoring local invasion 
by infection. (9) Wilkie^^ and Rcga'cs^^ speak of local circulatory devia- 
tions Avhich predispose to narroAA'ing of the lumen and tlirornbotic and 
embolic occlusion of the A’cssels supplying the ulcer areas. (10) Constitu- 
tional diminution of mucus of the stomacli.^’^ (11) Capillary stasis in the 
gastric mucosa predisposing to erosion of the mucous membranes. 
(12) A local mechanical factor in body fonn suggested by Schneyer 
where a deep fold in the abdominal aamII occurring in .some people in the 
sitting position may cause continuous irritation and pressure OA’cr a certain 
area and lead to actual ulcer. 

The A’aluc of these local conditions is limited first by lack of statistical 
incidence and hence their significance and, second, by the failure of ariv 
correlation with a diathetic ensemble of which they might he part and 
parcel. 
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(d) Morphologic and Physiologic Conditions. These are considered 
together because of their close linkage as exhibited in the hyposthenic and 
hypersthenic gastric diatheses of Hurst. By doing this, Rivers’ objec- 
tion®^ is overcome in that the morphologic panel per se is meaningless and 
a more dynamic relationship is indicated. There is, however, another 
objection that is raised^®-^ and which further emphasizes our lack of statisti- 
cal interpanel correlation, namely, that the genes which determine the 
physiologic and morphologic characteristics of the stomach are not always 
closely related to those determining the build of the patient. 

The Hurst diatheses are extremes. Our treatment of their role in the 
pathogenesis of peptic ulcer will restrict itself to these extremes and 
assumes that admixtures of the two diatheses will accordingly be influ- 
enced by the balance in one direction or the other. Again, this is a defect 
in our knowledge, namely, as to what variations occur in physiology and 
morphology in admixtures of these two diatheses. 

These diatheses are just that. They are predisposing to a condition 
and not immediate etiologic agents. They are compatible with perfect 
health but in unfavorable circumstances in a person with a nervous system 
that has been described, each diathesis predisposes to ulcer at a different 

site 9.59,60,61,62,82.84 

Hypersthenic gastric diathesis predisposes to driodenal ulcer by: (1) 
Pouring gastric contents into the duodenum in a hyperacid state causing 
repeated duodenal irritation. Roentgenologic evidence exists for this and 
has been deemed actual precursor of duodenal ulcer.®^ (2) Strong acid 
production, hyperacid, hypersecreting climbing curve maintained as a 
physiologic characteristic throughout life and independent of the state of 
the ulcer (3) Less mucus production.®^ (4) Mechanical pressure per- 
sistently from neighboring organs explains chronicity and failure to heal.®^ 
(5) Hyperperistalsis leads to several hours a day when the stomach is 
devoid of contents except for an acid gastric juice which it pours con- 
stantly on the duodenal cap with resulting duodenal irritation.®®’®® 

Hyposthenic gastric diathesis predisposes to gastric ulcer by: (1) Relative 
atony causes delay in emptying time with a tendency to gastric stagnation 
and irritation.®^ (2) The stomach which is longer than average has a 
tendency to orthostatic “hour-glass” configuration in which the middle 
of the stomach forms a definite obstruction to the outward passage of food 
so long as the erect posture is maintained.®® This causes an abnormal 
amount of friction especially on the lesser curvature where most gastric 
ulcers occur. (3) Tendency to kinking of the duodenum in such people 
favors ulcer formation by allowing poor neutralization.’^’^’®® (4) Low acid- 
ity characteristic of this diathesis means that the second line of defense 
against harmful agents is deficient with resulting gastritis or duodenitis 
which then terminates in ulcer.®’’®® There is some experimental corrobora- 
tion for this from Ivy.®’’®® (5) Cole’® found that tension on the terminal 

branches of the left gastric artery is especially great in hyposthenic people 
in the erect posture. This is directly concerned with an inadequate blood 
supply to the area supplied by this vessel, the most common site of gastric 
ulcer. Pende presents a similar conception.®® 

Summary. Evidence is presented for the existence of an “ulcer type:” 
and a detailed account of this cha.racteristic is given in the three panels of 
constitution. The possible relationship of this constitutional terrain to 
the pathogenesis of gastric and duodenal ulcer has been indicated. 
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This review aims to correlate the various opinions expressed in the 
extensive literature of military psychiatry. This broad field is considered 
under the following topics: 

1. The importance of psychiatry in military medicine as judged by past 
experience, chiefly World War I. 

2. The examination and selection of men for the armed forces. 

3. The psychiatric problems of the armed forces. 

4. The rehabilitation of psychiatric casualties after rejection at the 
induction center examination or after separation from service in the armed 
forces. 

I. Neuropsychiatric Casualties of World War 1. A consideration of the 
literature regarding neuropsychiatric casualties of World War I reveals 
that there was an unexpected prominence of neurops^xhiatric problems in 
the services, and in July, 1918, General Pershing sent the following cable- 
gram from overseas: “Prominence of mental disorders in replacement 
troops recently received suggests urgent importance of intensive efforts 
in eliminating mentally unfit from organization of the new draft prior to 
departure from the United States."’^® 

Pearce Bailey, a co-author of Volume X of the official history of the 
Medical Department of the Army in the World War, remarked, “There 
was passive, and even active antagonism to ncuropsychiatric examiners in 
the camp. It may seem strange, but it is nevertheless true, that the line 
officers appreciated the value of those examinations more readily than the 
medical officers. The line officer judged his men in terms of conduct, 
behavior, and efficiency which, after all, is equivalent to the standards of 
the neuropsychiatric examiner/’^^ That this number of neuropsychiatric 
casualties has been a tremendous expense to the government is well rea- 
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lized.30'®‘ •“.110.136 In the 17 years from 1923 to 1940 the Veterans Admin- 
istration paid out $641,857,704 to claimants .having disabilities of the ner- 
vous system, and from 1926 to 1940 it expended for hospital treatment of 
beneficiaries with disorders of the nervous system the sum of $282,679,909.60 
Thus about one billion dollars has been spent for the care of the neuro- 
psychiatrically ill veteran of World War 1.30.66 In the one fiscal year 
ending June 30, 1940, nearly 22 years after the Armistice, the government 
paid out in compensation to neuropsychiatric cases $41,889,360 to 68,727 
men, of whom 35,846 were diagnosed as psychoneurosis or neurosis.i®® 
The average hospitalized, “service-connected,” neuropsychiatric patient 
cost the government about $30,000 during his lifetime.i^® Almost three- 
fifths of the beds in our 79 Veterans Hospitals were, up to the present war, 
oceupied by neuropsychiatric cases.66.66.i36 Of the 90 so-called “facilities” 
of the Veterans Administration which as of June 30, 1940, were in opera- 
tion over the country, 27 were hospitals adapted for neuropsychiatric 
cases, chiefly psychoses. On that date there were 33,016 such patients in 
those 27 hospitals, more than one-half of the total hospital population of 
the Veterans Administration.^® Further, the hospital turnover of psychotic 
patients is much slower than that of the general medical and surgical, 
or even tuberculous patients.®” It is said that neuropsychiatric casualties 
are 16 times more apt to result in permanent disabilities than are any 
other types of illness.^®” In the first World War, over 20 soldiers out of 
every 1000 were discovered in our army to have some form of mental 
illness,*^^ and while in the last draft of World War I, approximately 2 % of 
all candidates were excluded because of some neuropsychiatric disorder, 
an additional 3% were later diseharged because they were found to be 
suffering from some type of neuropsychiatric disorder. In our A. E. F. 
the easualties due to nervous and mental disease were 9.5 per lOOO.®® 
There is a tabulation in the official history which gives a total of 69,394 re- 
jections, because of disorders of the nervous system, as of May 1, 1919, 
and of this total, there were: 


Mental deficiency 31% 

Neuroses 17% 

Psychoses . . ... 11% 

Organic nervous diseases and injuries 10% 

Epilepsy 9% 

Constitutional psychopathic state ... 9% 

Endocrinopathies 7% 

Drug addiction and alcoholism ... 6% 


However, the existence of neuropsychiatric problems was not limited to 
the United States Army alone, but was also important in the German 
Armj.^,66’*^® where 5% of the base hospital beds were kept for neuropsy- 
chiatrie casualties.”® Almost immediately after 1918, there was begun a 
psychological organization of the German Army and people for war, lead- 
ing to the establishment in 1929 of a Psychological Laboratory by the 
German Army.”® Of the British casualties of World War I, those from 
neuroses were 34 per 1000; and in 1918, of 160,000 men drawing pensions, 
20% were suffering from functional nervous and mental disorder,®^ and 
of 180,496 Canadian casualties of World War I, 24 per 1000 were nervous 
and mental diseases.®^ 

From a more detailed study of these neuropsychiatric casualties of 
World War I two important factors can be discovered regarding the onset 
of their difficulties. The first is this: most of the men had manifested 
characteristic s.^^nptoms previous to their military service. From the data 
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available on 50,042 neuropsychiatric patients it was seen that for 84% 
of them the average time of onset of their symptoms was 5 years before 
entering the service.^^^ Of the psychotic, there was evidence of illness 
preceding enrollment in 87%.®^-^-'^ Of the psychoneuroses, 95% had had 
symptoms prior to entering military service.®^’'” In 97.5% of the epilep- 
tics there was evidence of the disorder for 1 year or more before service.®^ 

In 99% of the cases of drug addiction or alcoholism there was a definite 
history preceding service, and in all cases in which data were available, a 
history of alcoholism for more than 5 years before entering service was 
ascertained.^^'' The second important point is: there were significant 
family histories in the majority of the neuropsychiatric casualties. Of the 
psychoses, more than 50 % had a “positive” family history,^' of the psycho- 
neuroses, 55.7% had a family history of “neurotic taint.”'*' Of the cases 
of “war neurosis” in the A. E. F. of World War I, there was a history of 
neuropathic makeup or “neuropathic stock” in 40%.'-' 
n. The Examination and Selection of Men for the Armed Forces. 
Turning from the patients of World War I to contemporary cases, we find 
that the problem of neuropsychiatric casualties is one of equally great or 
even greater magnitude. Of the men recently returned to Canada from 
the theater of war in the Low Countries, over 30 % were disabled by con- 
ditions of the nervous system.^' Disability resulting from mental dis- 
orders is of more frequent occurrence than from any other cause with the 
exception of actual injury suffered in combat.®^ Up to September 1, 1942, 
there were 8145 discharges from our armed forces for mental illness.®^ 
About one-third of the medical discharges are neuropsychiatric. ®'’® Tuber- 
culosis, which is next in number of discharges, is responsible for 1281 cases 
during the same period.®^ And in these cases of mental illness, these same 
two factors of predisposition and background continue to be important; 
hence the importance of an adequate social history on every prospective 
service man becomes increasingly evident.®’®' Gowan®® esti- 
mates that one-half to two-thirds of those suffering mental or nervous 
disturbances among our armed forces show definite predisposition, while 
Gra 5 f®' says that about 80 % of the severe cases of nervous illness in military 
hospitals have previously shown emotional instability. The value of 
social data is further revealed by the studies done by Simon and his asso- 
ciates'®® ■'®' and by Sullivan,'®' from which the comparison shown in Table 1 
was taken. Further, Simon'®' goes on to state that if five objective social 
factors (previous mental illness, broken home, psychosis in immediate 
family, arrests, and alcoholism) are studied in a group of military per- 
sonnel who became psychotic, 72.2% of them have one or more factors 
present and over 12% have three to five of them. And Lewis'®® who 
investigated 300 neuropsychiatric casualties found certain traits which 
were present with significantly greater frequency in the histories of men 
who had proved unsuitable for military duty; these were: (1) History of 
mental disturbance, including neurosis, in parents or siblings. (2) Unsatis- 
factory work record prior to enlistment. (3) Psychopathic traits of 
personality. (4) Symptoms of present illness before enlistment. 

Further, other papers which stress the positive correlation which exists 
between success in the services and the man’s background are numer- 
ous.®’"’®®'®'’®®’®®’®®’'®®’'®®’'®®’'®' It has also been shown that of the soldiers 
who break down in active duty because of a personality disorder, there is a 
high incidence of significant factors in their past history. This has been 
borne out by numerous reports (Table 2). • ' 

Without question, it is at the time of the Ix)cal Draft Board examination 
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and especially at the Induction Center examination that psychiatry can 
play an extremely important role in our war effort, for the fundamental 
truth remains that in a fighting force the elimination of the unsuitable 
man — and he is more often unsuitable for temperamental reasons than by 
intellectual defect — at the earliest possible stage is all important.^^**®^ 
The estimates as to the percentage of men who later break do\\Ti in military 
ser\ace and who could have been discovered by an adequate neuropsychia- 
tric e.xamination at the time of induction vary from 39%^ to 50%/* to 
75%.^ It is significant that of 69,394 neuropsychiatric casualties of 
World War I, 40.1 % of them were discovered during the routine examina- 
tion of all men on their arrival at a mobilization camp.^'* At the present 
time the percentage of neuropsychiatric rejections varies according to 
examiner and locality, as is suggested by Table 3. 

Table 2.— Incidence of Significant Factors in Past History of Soldieks 


Who 

Break Down 

After Acti^t: 

Duty’ 




Love^« 

Cooper^* Hadffeld'^ Gillespie^ 

' Sutherland’*^ 

Brill^ 

Wolfsoa-^ 


171 cases 207 cases 

332 cases 56 cases 

100 cases 

200 cases 

lOO eases 

Factors 

Wc) 

Wr) 

(%) ire) 

(%) 

ire) 

ire) 

Previous episode of personality 
disorder ... . . 

Previous bistorj* of concussion or 

34 2 

23 

32 

36 



fractured skull 

Had come from “broken home" 
Previous antisocial behavior 

Other sisjnjficant factors in past 

3.S 

17 

32 


27 


histof)* . . 

“Inferior” prenous jxTsonality 
Family historj- reveals "poor men- 

o3.0 

58 

28 

n 

33 

60 

72 

14 

ial or economic status” . . 


50 

62 


50 


Table 3.— Percentage of Selectees Rejected for Neuropsvcuiatric Reasons 



Selectees rejected for neuropsycbiatric reasons 

Date of 

Bibliojjapljy 

T>'pc of examination 

(%) 

article 

reference 

5fas«achusetts Local Boards 

0 0 

Mav, 

195 and 106 

Massachusetts Induction Centers 

2 0 

June mi 


New Jersey Induction Centers 

20.0 

May 19*1 

154 

Boston Induction Center 

7.4 

Am:. 19*1 

70 

Indiana Induction Center 

4 2 

April 19*1 

125 

Minnesota Induction Center 

2,5 

Nov. 1941 

4 

Mis?t«ippi Induction Center 


Jan. 19*2 

161 

Kntirc Country, Local Boards 

Col-n 4 

(venereal di.^ease omitted from perrentace) 

6 0 

Jan. 19*2 

139 

MaL««achusett» Ixscal Boards . 

5.0* 

April 1912 

35 

Virnnia and District of Columbia 
Kxamiairjr Centers 

32 1 

Auc. 19*2 

77 

BoM*ca Induction Center 

7.5 

July 19*2 

IS 

Rhorle Inland Naval Trainifu; Station 

4.0 

Nor. 19*2 


Hon'Ja Induction Center 

5 92 

Nov. 19*2 

50 

Virginia and District cf Columbia 
Exarruamx Centers 

30.7 

Nov. 19*2 

77 

Wvhinrton, D. C., Selective ?erx tee 

o 

Nov. 19*2 

167 

All .\rea*. l\ ?. Army Indue* 

thn Center 

rinclude-' educational rei^ctiorj') 

3 J3(Nov. 19*0 to Dec. 19*1) 

Jam I9*.3 

10^ 

All Cccr* AreflL*. r. P. Army Indue* 
Center . ...» 

.8 oi-wh.~from May 19*2 to Sept. 19*2 

15 49-col~from .May 19*2 to Sept. 1912 
(vfn'rea! di«ea-«e re;ectiort^ emitted from the 
percentage. Included e^iucational reject*) 

7 5 

5f#y 10*1 

fOb 


In 5 of the article^ the percentage of al! rrjrrlrrs that were rejected for 
ncuropsychiatric rea.*Jon> was >tated ns shown in Table 4 ; in 3 of the arlicie^ 
of the total numf)er of men the neurop^^ychiatric rejections were 

ih'videil as in Table 5. 
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Table 4. — Percentage of Rejectees Rejected for Neeropsychiatric Reasons 



Rejectees rejected for neuropsychiatric 

' Date of 

Bibliography 


reasons (including illiteracy) 

Type of examinatioii 

(%) 

article 

reference 

Massachusetts Local Board . . . 

15.0 

May, 

195 and 196 

Massachusetts Induction Center 

25.0 

June 1941 


Massachusetts Induction Center 

24.4 

April 1942 

35 

Plorida Induction Center . . . 

All Corps Areas, U. S. Army Induc- 

10.62 

Nov. 1942 

50 

tion Centers 

23.9— -wh.— from May to Sept. 1942 

34.7 — col. — from May to Sept., 1942 
(venereal disease rejections omitted from the 
percentage) 

Jan. 1943 

198 


Table 5. — Percentage of Selectees Rejected, According to Type of 
Neuropsychiatric Disorder 

Total men examined (%) 



Grecn^° 

Hadley^e 

Hadley’^ 


Aug. 1941 

Aug. 1942 

Nov. 1942 

Type of mental illness 

799 cases 

1750 cases 

2500 cases 

1. Mental deficiency .... 

. . 0.96 

3.44 

2.8 

2. Psychopathic personality 

. . 1.0 

1,6 

1.56 

3. Major abnormalities of mood 

. . 0.23 

0.22 

0.2 

4. Psycho neurosis 

. . 1.43 

10.0 

10.6 

5. Schizoid and related personality 

0.5 

11.48 

11,6 

6. Chronic inebriety 

. . 0.5 

1.94 

2.4 

7. Syphilis of the CNS 

8. Other organic diseases of brain, spinal cord or nerves 

. . 0.23 

. . 1.31 

3.42 

3.8 


In 4 of the articles, of the total neuropsychiatric rejections, the types of 
mental illness were divided as shown in Table 6. 

Table 6. — Percentage as to the Type of Neuropsychiatric Disorder in 
Neuropsychiatric Rejectees 

Neuropsychiatric rejections (%) 



Currier^s Wittson et aV‘ 

^03 Aita^ 

Simon and 
von Storch'®^ Hagan'®^ 


April 1942 

Nov. 1942 

Nov. 1941 

May 1941 

Nov. 1942 

Type of mental illness 

87 cases 

600 cases 

242 cases 

209 cases 

175 cases 

1. Mental deficiency .... 

16.01 

37.0 

38.0 

16.2 

15.4 

2. Psychopathic personality 

14.9 

26.0 

5.8 

14.3 

8.6 

3. Major abnormalities of mood 

2.3 


5.4 

2.8 

3.4 

4. Psychoneurosis 

- . 49.4 

8.0 

17.3 

27.2 

37.7 

5. Schizoid and related personality 

. . 9.1 

“psychoses*’ 

4.0 

11.5 

8.1 

18,9 

6. Chronic inebriety .... 

3 5 

2.5 

5.7 

7.4 

7, Syphilis of the CNS . . . 

. . 0.0 


O.Q 

0.0 

1.2 

8. Other organic diseases of brain, spinal cord or 

nerves 11.0 

24.0 

18.6 

16.9 

7.4 

There has been a 

considerable number of 

articles dealing 

with the 


necessity for a psychiatric examination on all recruits and the problems 
associated with such a brief examination. Further, these problems of 
rejection, examination time, privacy, and load per examiner have been 
well summarized in the War Department pamphlet entitled “ Mobilization 
Regulations 1-9” and in recent directives from the Surgeons-General 
Office.® There are articles pertaining especially to selection to the Air 
Corps,'^’®®’®®-'-® and for the Navy,'*^'®^-^®’®®’®®-^'^®’^®®’^®^ but most of the articles 
relate to the general selection for any armed service. A few of the articles 
deal with the problems of an advisory board psychiatrist for the Local 
Draft Boards. The majority of the articles recognize the importance 
of past interpersonal relationships in predicting the adjustment a selectee 
will make to army life but it is particularly stressed in some.®®’®®’®®'^'^®® 
It is well realized that army service should be regarded as a vocation for 
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which not every man with a good physique is suitable and the fundamental 
problem is the creation of a fighting force best equipped to 

Billing et have suggested 9 signs which suggest maladjustment and 

personality disorder in the prospective soldier; hypochondriasis before 
entering the army; excessive generalized sweating (\^ 1 th associated signs of 
autonomic instability); irregular work record; under-actirity; disturbed 
sex development (excluding moderate delays in maturation); difficulty in 
making friends; t^'o or more morbid fears; no definite ambition or definite 
ambition and accomplishment; and volunteering for service through regu- 
lar channels, Selective Serrice or National Guard. 

There are three types of persons who should not be inducted into such a 
fighting force: first, those whose capability for self-support and whose 
utility would be destroyed or gravely reduced by army service; second, 
those who would develop psychotic or psychoneurotic illness in such scr- 
rice; third, those who will do well in the Army but who cannot be dis- 
charged back to ciril life ^\dthout serious disturbance of personality 
These above points of view have been further developed in many other 

In a discussion of the technique of the neuropsychiatric examination at 
an induction center, most articles agree that a 5 minute examination 
should be minimal and that up to 15 minutes should be allowed if deemed 
advisable."*'^^'^^-^'®*^®*- A few papers mention that examinations are now 
sometimes done in as little as 2 to 3 minutes,^^’^^ At some induction 
centers, a policy which has proven of value is the use of a 3 to 10 minute 
original examination with the privilege of a somewhat longer check exam- 
ination later for doubtful selectees.®^ There have been many lielpful papers 
suggesting forms for brief neuropsychiatric examination.”-^'^^-*-^’^^*^^"' 
Other articles have dealt more particularly with one clinical type and 
have given primary and more detailed consideration to that clinical type 
as follows: ( 1 ) ^Mental deficienev;^® '*^ (2) Psvchopathic person- 

jji;ty;'o.»-t2.25AtA:.r:.T8a(aan.i2oa32.Ho ( 3 ) abnormalities of moo(!;=^ (4) 

Psychoncurosisf^-^^'^^-^^’^'^ (5) Schizoid and related personality;^-*^ (fi) 
Chronic inebriety;*^® (7) Syphilis of the Central Nervous System;*^ (31 
Otlier organic nervous diseases of brain, spinal cord, nerves.^***^ *^ *^ 

Further, some papers contain a brief description of all the clinical types 
of rejcctahlc personality 

Numerous papers have been written on the general procedure and ttrii- 
nique of the induction center examination.*^-^-^'-^-^**^’^**^’*^^**’* /The 
minimal psycliiatric examination seeks to bring out, as far as the indi- 
vidual s truthfulness will pennit, certain points in his life history which 
are important as indications of the abnormal or disordered personality, 
and hence there are certain types of persons that wall sometimes he missed 
at the induction examination these arc: ( 1 ) Some alcoholics and other 
addicts; ( 2 ) milil manic-<!epressive persons, especially if in a latent phase; 
(3) overt but undctec'ted homosexuality (it is estimated that as high 
29c ^1*^ adult male population is frankly homosexuaP^^); (4) psycho- 

pathic personalities; (5) some cases of hy.steriu (those who love excitement 
and are at their best in the examination); ( 0 ) early schizophrenia wdth a 
good facade; (7) certain types of organic disease of the nervous system, 
some epileptics, latent central nervous system syphilis. 

In order to unt'over these nl>ovc types, adequate life history <iatn mU'* 
be available. 

JTT Psychiatric Problems of the Armed Forces. The problem of tlie 
recrignition, prevention and treatment of p^‘r>onaliiy disoniers in soffiier- 
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has resulted in a considerable number of articles. The steps through which 
the average recruit passes in his army career are essentially five: first, the 
examination by his local Selective Service Board; second, the examination 
at the Army Induction Center (approximately 1 day) ; third, the reception 
center (7 to 10 day period) ; fourth, the replacement training center (usu- 
ally a period of 2 to 3 months) ; fifth, the tactical unit.**® In any of these 
five stages a personality disorder may become manifest and there is occa- 
sional opportunity for disposition and treatment. 

Some authors suggest that the primary functions of military psychiatry 
are diagnosis and the exclusion of undesirable persons from service as 
rapidly as possible.^®-®® The mission of the Medical Corps is the conserva- 
tion of manpower and the preservation of the military forces; its hospital 
facilities must be utilized to restore soldiers speedily to health and fighting 
efficiency and cannot be burdened with cases requiring prolonged care; 
thus, while a certain amount of temporary therapy is and should be applied, 
the main objective is to direct the more serious mental disorders back to 
community care.®®’^'*®’^''® Courses in military neuropsychiatry are now 
being given to the Medical Corps and there seems to be adequate psychi- 
atric awareness in military medicine.^'^’®^'^^’’^® In 1940 the Army admission 
rate for psychoses was 6.13 per 1000 populations^® while the civilian rate in 
1935 for the age group of 20 to 29 in New York and Massachusetts was 
3.44 per 1000 population.®® This same awareness of the importance of 
psychiatry exists with both our AlliesS®s and our enemies.®® Most papers 
state that the underlying personality of the individual soldier developing 
the functional nervous disorder is the etiologic agent, rather than military 
service per sc, but military service does furnish an excellent medium for 
the growth and development of mental illness in susceptible personali- 
ties.®^’^^®'^®®’'™'^®® It is suggested in some articles that there are perhaps 
two chief types of mental reactions which appear peculiar to military 
service: first, the acute war neurosis;^®® second, the acute schizophrenic 
reaction which is explosive in onset and clears rapidly when the conflict 
situation is cleared.^ ’“® The similarity between civilian mental illness and 
mental illness of soldiers was also noted in World War I, during which no 
really new forms of mental disorder were seen.®® During World War I, 
in 1918, the discharge rate for mental and nervous disorders was approxi- 
mately 0.7 per 100 strength while the latest figures for this war show the 
rate to be about 0.4 per 100, and the hospital admission rate of neuro- 
psychiatric casualties did not greatly exceed 2.7 per 100 admissions per 
anmivi in 1942 and recently these admissions were only 2.5% of the 
admissions for all causes; although about 5.4% of all patients remaining 
in Ai-my hospitals are neuropsychiatric.®®® The following table is a sum- 
mary of the various types of mental illness occurring in the armed forces 
and the relative percentage of each type as given by various articles 
(Table 7). 

The symptoms which the patients develop under the stress of training 
or combat are the result of conflicts which are chiefly between self-preserva- 
tion and the ideas of duty and self-respect. During the training period this 
conflict can be solved by a variety of means, sometimes not laudable from 
the standpoint of morale— by reporting sick, by seeking a soft job, by 
“ gold-bricking,” and many others.®^ In soldiers during the training period, 
some increase in anxiety and tension under war conditions is inevitable. 
If, however, this anxiety incapacitates an individual then it is most prob- 
ably not associated vith the war but represents a personal problem.^®^ 
The psychologic hazards which may precipitate a personality disorder 
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(luring the training iDeriod have been discussed in some articles^^’^*® but 
they are particularly well handled in the articles by Knight and Orr,®® 
by Billings/® and by Pignataro.^i These precipitating factors during the 
training period, together with the articles dealing with them, are: 

1. Separation from home 

2. Anxiety over home responsibilities and family. 

3. Change in habit routines.®® 

4. Necessity of submission to authority and discipline.®®'^®’®®’®®-®®’^®®’^^®’”® 

5. Loss of prestige and other “narcissistic” blows. 

6. Contacts with other men without any privacy, which may: 

(a) Arouse antagonism.®®’®® 

(b) Arouse homosexual anxiety. 

7. Stirring up more aggression than the man can handle and guilt over 
such aggressions.®® ’^^®'^®® 

8. Exhaustion and monotony .^’®®’®i’®®’®®’®®’“®'^^®’^®®’^®®’^®^ 

9. Sex deprivation and sex conflicts.®® 

10. Arousing fears of bodily injury or death.®® 

According to most authors, the neuropsychiatric disabilities occurring 
in active military service in combat also result from the conflict between 
acquired social attitudes and the “ instinct ” of self-preservation. However, 
to be adequate and to fulfill the purpose of protection for which it is 
psychologically designed, the neurosis must protect both the soldier’s ego 
and his physical being — that is, it must permit him to escape from the 
intolerable situation created by the impending dangers and also to accom- 
plish this without loss of self-respect.^®®’^®® Every neurotic illness is a 
result of the reaction of an individual to his environment; the predisposi- 
tion of the patient playing the predominant role and the immediate 
environment, the precipitating one.'^®’^’® In the psychoanalytical literature, 
the homosexual-narcissistic libido structure of potential war neurotics is 
emphasized as the basis of their vulnerability,^®® but other investigators 
view the chief neurotic mechanisms as defensive or automatic self-preserva- 
tive drives.^^® The precipitating factors present during the combat zone 
are well discussed in many articles^®’®®® ®®® and can be summarized, together 
with the papers dealing with them, as follows: (1) All of the factors of the 
training period. ’^®®’®®® (2) Fear of his own cowardice.'®®’^®®’®®® (3) Conflict 
between self-preservation and group loyalty, with sacrifice for an ideal. ®^’®®® 
(4) Disappointments and feelings of frustration.^®’®®®’®®® (5) Increased 
fatigue and increased responsibility.'® ’“®’^’^® (6) Poor food an(l poor sani- 
tation.'® (7) Exposure to explosions, blast, and gases.® ’^^’'®®’'®® (8) Effect 
of climate, and of arctic or tropical diseases."® 

The general principles and the specific measures of treatment for the 
personality disorders occurring in military service are well summarized by 
Billings.'® The treatment of such disorders in the training camp period is 
dealt with in several articles®®’'®®’'®®’'®® and particularly well handled in 
articles by Stilwell and Schreiber,'®® and by Garmany.®® The general 
management of the treatment in the combat zone is discussed in many 
papers'*®’®®’'®® '®®’®®® and is especially well considered in papers by Aiken;® 
Smith;'"® and by Altman, Pillersdorf, and Ross.® This last-mentioned 
paper has a good discussion of the personality factors which would interfere 
with successful treatment; as does also the paper by Lewis and Slater.'®® 
Further suggestions and regulations regarding the management of a neuro- 
psychiatric service are contained in many military publications.® 

The important factors in the treatment of personality disorders in the 
training camj) period, as summarized in the literature are: 
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1. Prophylactic (reaimcrit: (a) Establishment of good 

(b) Elimination of manifest personality (r) 

Avoidance of monotony.^^'^-*®^ 

2. /Id/rc frcatmciif: (a) Discharge to ci\dlian Jlodi- 

fication of type of (o) Use of labor battalions.^-^*'**'^- 

(d) Psychotherapy (discussed under ^'combat zone'*)* 

The methods of treatment of psychiatric problems, used somewhat in 
the training period, but especially pertaining to the combat zone, together 
with the articles which deal with the method listed, are; 

L Prophylactic (a) Establishment of 

group morale- {b) Personal interest in men by officers, (c) Avoidance of 
fatigue, (d) Group talks: explanation of war motives, of fear, etc. 
(r) Careful watch for prodromal signs. (/) Transfer to other duty.^^ 
(g) Removal from combat zone,^®^ 

2. Active (o) Importance of restoring good 

pliysical condition, particularly if confusion, excitement and loss of memory 
are prominent symptoms."'^^'^*^' (b) Psychothera- 
peutic measures: (1) Thorough history taken.^’*"*®'*®^ (2) Immediate 

(3) Reassurance, persuasion sug- 
gestion.^^ .ios,m,i6s,i89a99.::o6 ^ Reliving and recalling the traumatic 
experience with the expression of the underlying fears; hypnosis and seda- 
tive drugs used if (5) Dealing with 

the secondary gains present in the illness.^*®^*^^'^®" (0) Base hospital used 
only if necessary for psychoses and severe neuroscs.^^ **- (7) Insulin ther- 
apy (S) Convulsive therapy.^** (9) Reeducation.^-^*®^*'^’’ 

(10) Occupational and physical therapy (11) Analy.sisJ^’^*^ 
(12) Group psychotherapeutic procedures.^’^**-^^-^^ 

The efficacy of such measures of tlierapy can be judged somewhat hy 
disposition of psychiatric patients in tlie armed forces, and this has been 
summarized in Table S. Further, as to casualties from certain overseas 
areas, about 15% to 20% of those reacliing this country arc neuropsychia- 
tric, hut it should he noted that the actual ratio of neuropsychiatric 
disorders to all casualties has been about 5% in those arcas.^^^ 
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IV. Rehabilitation of Psychiatric Casualties. When one considers the 
importance of the problem, it is surprising how few articles have been 
written about the psychiatric problems associated with the registrant 
rejected by the armed forces or the readjustment of the man discharged 
from military service because of a personality disorder. The return of 
these men to civilian life can give rise to personality problems in the men 
themselves and create psychiatric difficulties for the communities. 

There are many competent men in civilian life who are adjusting well 
but who do not have the qualities desirable for good soldiers, and it must 
be emphasized that no stigma be placed on the rejected candidates and 
that civilian morale is not unfavorably affected in carrying out the rejec- 
tion of unsuitable candidates.^® It is important to emphasize constantly 
that the Selective Service is a draft of total manpower for the purpose of 
determining for what duties a man is best fitted, army or civilian.^® The 
problems which arise in a rejected man are, first, reactions to the fact of 
being rejected, for whatever reason; and, second, reactions to the specific 
reason for rejection.^®’^ The protection of the rejected man depends first 
upon the manner in which he is informed of the reasons for rejection, 
second, upon the giving of suggestions as to where treatment «an be 
obtained if it is needed, and third, on the considerate interpretation of the 
rejection to the registrant’s family and his community . 1 ®® The Surgeon- 
General has recognized these needs in a recent circular letter.® The Illinois 
Psychiatric Society has arranged with the Army Induction Boards to 
furnish rejected selectees with free psychiatric advice, vocational guidance, 
and social aid in order to facilitate their return to a useful life.^®’^ Further, 
in order that the registrant can know for sure if he will be inducted before 
he winds up his affairs and bids farewell to family and friends, Pennsylvania 
holds Local Board and Induction Board examination at about the same 
time but postpones actual induction into military service for 2 or 3 weeks.^®^ 
In Pennsylvania cases of nervous and mental disorders are referred follow- 
ing rejection to the State Department of Welfare and cases of venereal 
disease to the State Board of Health ; further, the Public Charities Associa- 
tion was willing to advise the rejected registrant and refer him to the 
proper social agencies best fitted to assist him.^®^ One survey, made in 
Michigan, consisted of follow-up letters to the local boards asking about 
the occupational status of 3500 rejected registrants and showed that before 
the Army examination 84 % had been employed, mostly in unskilled occu- 
pations, and 16% had been unemployed; after rejection, 72% of the men 
regained their former employment, and 3 % found new jobs, and of the 
remaining 25% some were unemployed, some in school, and some unac- 
counted for.’®^ 

The problems of a soldier discharged from the military service are some- 
what different. His problems are mainly (1) To find a means of 

economic support. (2) To find acceptable civilian sublimations for the 
aggressiveness released and encouraged by a belligerent war psychology. 
(3) To assume the ordinary relationship responsibilities of adult life. (4) 
To accept the need for independence, initiative, self-management, and self- 
discipline in an environment which no longer gives him security. 

The compensation, pension, and post-war reward systems inaugurated 
after World War I hampered the morale of the dismissed soldier by en- 
couraging him to believe that he had the right to be dependent on the 
government indefinitely. The problem of a proper rehabilitation 
program in these persons has been considered by Solomon'^'* and has been 
well discussed in the articles by Sommer and Weinberg''^® and by Preston.^^® 
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Further Schuyler,^®- and others-^-®^ discuss the ways in which a hospital 
psychiatric social worker may aid in the readjustment of a man discharged 
from the Army because of personality defect. The importance of the 
problem of rehabilitation is sho^\7i by the fact that of the total of 2354 veter- 
ans returned to their homes in Illinois by the military ser\'ice, 40% had 
neuropsychiatric or personality defects.^'^ Tlie homes of 75 of these 
veterans were visited and the emplo^mient situation was found to 
13.1% idle, 63.1% employed, 5.2% in vocation schools, and 18.4% had 
reentered military service. 

The statistics from World War I concerning post-war adjustment in 
75S discharged neuropsychiatric cases are sho\\7i in Table 0.^-' In view 
of the enormity of this problem of rehabilitation it would seem advisable 
that further investigation be carried out on the rejected registrant and 
the discharged soldier who suffer from personality disorder. 
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Physiological Treatment of Burns by Means of a New Analgesic Oint- 
ment. R. Beutner (Department of Pharmacology, Hahnemann Medical 
College). Local anesthesia of burns cannot be obtained with water- 
soluble local anesthetics since they are too readily absorbed from the 
wound surface; moreover some are quite toxic and many burn “medica- 
tions” are actually caustic. If they exert an anesthetic action this comes 
through destruction of nerve fibers along with other tissue. To test which 
anesthetic would be suitable for burn treatment we tested several medica- 
ments, routinely used on burns, on rabbit eye. Most of these are claimed 
to give anesthesia, but they are also irritant and destroy tissue including 
nerve fibers. Along with anesthesia, a good burn remedy should: (1) 
Counteract infiammation; (2) have a low systemic toxicity; (3) have some 
disinfecting, bacteriostatic action. 

Tannic acid being astringent inhibits inflammation but is highly irritant, 
toxic internally and devoid of bacteriostasis. “Triple dyes,” picric acid, 
and sulfa drugs were also found to be irritant when tested on rabbit eye, 
and there is evidence that they irritate wound surfaces. Picric acid is 
nephrotoxic. 

Analgesic treatment for burns conforming to the above requirements 
was found in benzocaine (ethyl aminobenzoate) which, although water- 
insoluble, is an efficient topical anesthetic (Tainter). Dissolved in fat 
it loses its anesthetic power. But by emulsifying it in water using the 
method of R. Beutner and K. R. Beutner, we achieved a stable suspension 
of benzocaine in an emulsion of a synthetic resin. This resin inhibits 
cutaneous inflammation, cutaneous erythema and swelling promptly dis- 
appearing. Such an emulsion of benzocaine in 0.5% concentration anes- 
thetizes the rabbit eye without irritation. Its internal toxicity is negligible 
and it. produces bacteriostasis. After addition of suitable thickening this 
emulsion has the appearance of an ointment. It was used in the treatment 
of .50 cases of second and third degree burns. It anesthetizes burns so as 
to obviate the use of morphine; healing was very satisfactory. 
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The Influence of Intestinal Acidity on the Gastric Secretion, il. H. F. 
Friedman, I. J. Pixcus and J. Earl Thomas (Department of Physiology, 
Jefferson Medical College). Pre\nously this laboratory reported that 
intraduodenal instillation of acid inhibits gastric secretion in response to 
a meal onl}* if a threshold level of duodenal pH (approximately 2.5) is 
attained {Proc, Soc. Exp, BioL and J/cd,, 51, 367, 19*^). This was con* 
firmed in these experiments. In addition, we found that insulin-provokcd 
secretion in the Pavlov pouch dog is likewise inhibited by an adequately 
acid duodenal content but that histamine-provoked secretion is not. 
Secretion from the Pavlov poucli due to introduction of food (beef heart) 
into the main stomach and also secretion from the Heidenhain pouch due 
to the feeding of the meal were depressed wlicn acid was infused into the 
duodenum. 

Duodenal instillation of acid to the fasting dog does not affect the 
volume of gastric secretion, but does increase the total output of pepsin. 
Intraduodenal introduction of acid following a meat meal also increases 
the output of pepsin from the Pavlov pouch, providing tltc duodenal pll 
is not depressed too much and the volume of secretion is not inhibited. 
Xo increase in pepsin was noted in similar experiments when secretion was 
provoked by histamine. 

In all experiments following intraduodenal instillation of acid there was 
an after-effect of increased rate of gastric secretion providing a secretory 
stimulus (food, histamine) was still acting. This after-effect was not 
always related to the previous inhibition since it occurred even in those 
experiments where the acid did not result in gastric secretory inhibition. 

These experiments suggest an emergency mechanism for the autoregtda* 
tion of gastric secretion set into action when a dangerous threshold degree 
of acidity in the intestine is reached. Tlic factors involved are still obscure. 
Acid in the intestine would seem to have a definite pepsigogue effect, pr^ 
viding the acidity is not too liigh. Tlic after-effect of increased gnstne 
secretion may be due to hydration following the intestinal introduction of 
large volumes of fluid. 


The Metabolism of "Folic Acid/* L. D. Wuight and A. D. Wkixh 
(The Xutritional Laboratories, IMedical Research Division, Sharp & 
Dohme, Inc., Glenofden, Pa.). "Folic acid." probably identical with vita- 
min Be and the lactobacillus casci ehiate factor, unlike other members of 
the vitatnin B complex, is excreted only in traces in the urine of mam 
The urine contains, however, a substance which on incubation with sur- 
viving rat liver is converted into "folic acid." The yield of the sul>- 
stance in tirinc is increased by autoclaving for I*, hours in the presence' of 
normal HCl. Since "folic acid" is destroyed liy such treatment the*^‘ 
findings suggest that a .'Stable fragment of "folic acid" is excreted in the 
urine, and tliat this is modified, probably through conjugation, by rat hver 
tissue to “folic acid"; the fiver reaction is enzymatic. The urine factor 
has bmi concentnited by a/lsorption on and elution from superfiltrol to a 
|H)tcntial activity approximately 2000 times that of urine. Its ad-orptem 
chnractrri^tit's resemble ifiose of " folic arid." Acid autoclaving of n 
juice concentrate and a liver cnnc<*ntratc, !>oth good sources of " folic 
desirr)yiN;I the "folic acul" prt‘sent. On inrub.ation with liver tin* ‘ 
acid" activity of the juice wa^ n^siored. Unrler similar fY>nditioa* 
se%'er:d-fn!d incrv.i'e in the "folic acid" content of the liver owirr^h ^ 
Wi>en svTithetic xantfiopterin is ineubatf^tl with fiver more "folic r.rvi 
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is usually found after microbiologic assay than can be accounted for on 
the basis of the “ folic acid” content of the liver alone. Possibly uropterin, 
said to be identical with xanthopterin, is the substance in urine which is 
capable of enzymatic conversion to “ folic acid.” Such a hypothesis sug- 
gests that “folic acid” is a conjugate of which xanthopterin is one moiety. 

Using these techniques, and others, the relationship of xanthopterin to 
“folic acid” and the nature of the residual portion of the molecule are 
being investigated further. 


A Comparison Between Insulin and Phlorhizin in the Treatment of Early 
Pituitary-Diabetes. F. D. W. Lukens and F. C. Dohan (The George S. 
Cox Medical Research Institute, University of Pennsylvania). Partially 
depancreatized cats have been made diabetic by anterior pituitary extract 
as previously reported, and treated within the first 3 months of diabetes 
with insulin or with phlorhizin. Each drug was discontinued after 3 to 
4 weeks of treatment, and sustained functional recovery of the animal 
was observed. In order to evaluate these two therapeutic agents, the 
similarities and contrasts between them have been reviewed on the basis 
of our results and of the literature. Both insulin and phlorhizin reduced 
the diabetic hyperglycemia to normal levels and brought about the morpho- 
logic restoration pf the islands of Langerhans. They appeared to differ 
in the primary site of action, and in their effects on protein catabolism, 
ketogenesis, the storage and oxidation of carbohydrate and glycogen for- 
mation. Although our knowledge of these functions is incomplete, the 
results with phlorhizin provide a new type of evidence showing that hyper- 
glycemia is one of the factors involved in the production of island damage 
and diabetes. 


The Ability of Homocystine to Support Rat Growth in the Absence of 
Dietary Choline and Methionine. Mary A. Bennett, Gerrit Toennies 
and Grace Medes (Lankenau Hospital Research Institute). In our 
laboratory young rats have repeatedly been found to grow on methionine 
and choline-free diets supplemented with homocystine. To investigate 
this phenomenon, female albino rats 5 weeks old were placed on an amino 
acid-corn oil diet* with 8 B vitamins being administered according to 
Bennett and Toennies. t After 4 days, daily supplements of 18, 36 and 
54 mg. dl-homocystine (fed separately in butter) t were given to 6 animals 
each (Groups A, B, C), resulting in average daily weight gains of 0.6, 1.2 
and 1.2 gm., on average daily basal food consumptions of 2.7, 4.0 and 
3.8 gm., respectively. Growth occurred in the absence of butter, but not 
in the absence of homocystine. 

In some animals growth has continued undiminished for more than 
2 months, in others it has decreased, and in some an abrupt drop in weight 
at a rate of 3 gm. or more per day occurs, wth basal food consumption 
declining to zero. One animal of Group A began this drop on the 39th day 
of homocystine feeding, one of Group B on the 21st day, and 3 of Group C 

* Chandler, J. P., and du Vigneaed, V.: J. Biol. Chem., 135, 223, 1940; 2-methyl-l, 
4-naphthoquinone (10 per gram of food) was added to the fat-soluble vitamins; homo- 
cystine was omitted from the mixture; analysis confirmed absence of methionine and 
choline. 

t Bennett, M. A., and Toennies, G.: J. Biol. Chem., 146, 671, 1942. 

t Bennett, M. A.: Bioohem. J., 33, 1794, 1939; butter, as well as com oil, were 
washed with acid and water. 
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on the 21st, 39th and 62cl day, respectively. Upon addition of choline to 
the homocystine supplements, eating and growth were resumed after 6 to 
9 days of decline; withdrawal of choline after attainment of the former 
maximum weight resulted in continued growth for one to as much as 
4 weeks, climaxed by another drop similar to the former. To date 3 eases 
have been observed where the new decline ended with spontaneous (with* 
out choline) resumption of eating and growth. 

Preliminary results indicate that the growth rates of animals reccivini: 
homocystine are greatly reduced when our supplement of B vitamins is 
replaced by the ryzamin-B, thiamin, riboflavin, nicotinic acid combination 
of du Vigneaud and Chandler.* 


* Sec Footnote, ♦ papo 129. 
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Archives of Biochemistry, Vol. I, No. 3, 1943. New York: Academic 

Press, Inc. Price, 2 vols. a year at S5.50 each. 

The advent of a second journal in the United States devoted to biochemistrj'- 
should be hailed with approval and anticipation by those interested in the 
development of the subject. England, Japan, Russia, and the United States 
have long had one biochemical journal. Germany, for many years, has had 
two. The very large research activity in biochemistry^ now, to say nothing 
of its anticipated increase during and after the war, will undoubtedly make 
available much material to keep the pages of the new journal full. 

The Editorial Board is composed of well-known men in the biochemical 
field in this country: M. L. Crossley, American Cyanamid Company, Bound 
Brook, N. J.; F. C. Koch, Annour & Co., Chicago, 111.; E. 0. Kraemer, The 
Biochemical Research Foundation, Newark, Del.; C. M. McCay, Cornell 
University, Ithaca, N. Y.; F. F. Nord, Fordham University, New York, N. Y.; 
F. W. Went, California Institute of Technology, Pasadena, Calif.; C. H. 
Werkman, Iowa State College, Ames, Iowa. 

The development and character of this new journal will be watched with 
interest by biochemists. W. S. 


Introduction to Organic and Biological Chemistry. By L. Earle 
Arnow, Ph.D., M.D., Director of Biochemical Research, Medical Research 
Division, Sharp & Dohme, Inc., Glenolden, Pa.; Formerly Assistant Professor 
of Physiological Chemistry, University of Minnesota Medical School; and 
Henry C. Reitz, Ph.D., Assistant Chemist in the Western Regional 
Research Lab., U. S. Dept, of Agriculture, Albany, Calif .; Formerly Assistant 
Professor of Agricultural Biochemistry, University of Minnesota. Pp. 736; 
90 figs., many tables. St. Louis: C. V. Mosby Company, 1943. Price, 
S4.25. 

This volume is designed particularly for students in pre-medical, pre-dental, 
home economics and similar fields of study. A short review of chemical 
fundamentals, 53 pages, is followed by 480 pages devoted to organic chemistry, 
and 160 pages to biologic chemistry. The usual classes of organic compounds 
are considered, emphasis being placed upon interrelationships of the various 
types of compounds. In the section on biologic chemistry the digestion, inter- 
mediary metabolism and excretory products of each of the major groups of 
organic compounds are treated as a unit. Chapters on hormones, vitamins, 
enzjnnes and a summary of nutritional requirements complete the book. A 
series of study questions accompanies each chapter. H. V. 


The Premature Infant, Its Medical and Nursing Care. By Julius H. 
Hess, M.D., Professor of Pediatrics, University of Illinois College of Medi- 
cine, Chicago, and Evelyn C. Lundeen, R.N., Supervisor, Premature 
Infant Station, Sarah Morris Hospital, Chicago. Pp. 350; 77 illus. Phila- 
delphia; J. B. Lippincott Company, 1941. Price, S3. 50. 

This is an excellent presentation of the care of the premature ,baby, embody- 
ing the joint experience of the pediatrician-in-chief and the. nursing super\dsor 
o| one of the best known and best run premature infant stations in this countrj'. 
Emphasizing practice rather than theory, it is comprehensive, authoritative, 
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and well organized and illustrated. The book can be highly recommended 
as a handbook and guide for use by interns, nurses, and all members of a 
hospital team which assume the multitudinous special responsibilities of thb 
important and difficult branch of pediatrics. I. W, 


Problems of Aging, the Biological and Medical Aspects. Edited by 
Edmund Vincent Cowdry, Ph.D. A publication of the Josiah ^lacy 
Junior Foundation. Second Edition. Pp. 972; 120 illus. Baltimore: The 
Williams &: Wilkins Company, 1942. Price, SlO.OO. 

All who have given the subject serious consideration will agree that today 
old age has assumed importance as a problem of far-reaching medical, social, 
economic and even political significance. This is the result of two definite 
and related factors that have been exerting a marked influence on our national 
life for many years, namely, the noteworthy increase in life expectancy that 
has occurred since the beginning of this century’ and the changing trend in 
the age composition of our population. It is not surprising, therefore, that the 
past decade has been marked by the awakening of a lively interest in the various 
aspects of Gerontology'. The present volume furnishes impressive endence 
that the problems of aging have attracted the attentiou of many of our aides! 
thinkers in the various fields of the biologic and medical sciences. 

The first edition of this book, published in 1939, was enthusiastically re- 
ceived as the first attempt to deal with the jirohlcms of growing old along 
broad biologic lines. This new edition should attain even greater popularity, 
embodying as it docs the excellence of the earlier work with much additional 
material of value and interest. 

Nine new cha])tcrs representing the work of 11 additional autiiors have been 
added in the second edition, making the volume over 250 pages longer than 
the original edition. The material in the first edition has been carefully re- 
vised and in many instances greatly elaborated. The work represents a series 
of essays by specialists of outstanding experience well qualific<i to deal with the 
varied aspects of the age problem. It is the only book that makes available 
to the student of Gerontology' the fundamental biologic data along witfi the 
broad psychologic, sociologic, as well as the more practical mc<lical asjjccts of 
the process of aging. The author, the editor, is to be congratulated upon the 
admirable way in which the vast fund of knowledge contained in this volume 
has been integrated. This book is indisj>cnsible to all, scientists and laymen 
alike, who are concerned with the problems of aging. Furthermore, it fulfih 
a timely and useful puri)ose, inasmuch as it emphasizes the challenge of old 
age to present-tiay civilization and the obligation which now rests u}>on Society 
to successfully meet that challenge. G. P. 
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contributors have well accomplished this task set before them. The earher 
chapters are devoted to the metabolism of fats, proteins, carbohydrates, 
minerals, and water. About 150 pages are devoted to the vitamins, followed 
by chapters on undernutrition, obesity, xanthomatoses, glycogen disease, and 
gout. Hyperinsulinism, diabetes insipidus, and mellituria precede a 200 page 
treatise on diabetes mellitus. In the appendix is an extensive list of foods and 
their composition in addition to several other tables used more commonly in 
metabolic studies. M. T. 


Text-book of Pathology. By William Boyd, M.D., LL.D., M.R.C.P. 
(Edin.), F.R.C.P. (Bond.), Dipl., Psych., F.R.S.C., Professor of Pathology 
and Bacteriology in the University of Toronto; Formerly Professor of 
Pathology in the University of Manitoba, Winnipeg, Canada. Fourth Edi- 
tion. Pp. 1008; 490 engravings (29 colored plates). Philadelphia: Lea 
& Febiger, 1943. Price, $10.00. 

The aura surrounding literary first editions should not conceal the fact 
that scientific text-books are apt to improve with each succeeding edition, and 
“Boyd” is no exception. It is rare, however, where the corpus of knowledge 
of a ^ven subject is steadily increasing, to find an author who succeeds in such 
deletions and condensations, “through a tightening of the belt of speech,” 
that the new edition is 56 pages shorter than its predecessor. “Among the 
principal deletions are the chapter on ‘The Body Constants in Disease,’ and 
the sections on immunity and hypersensitiveness, which are subjects that are 
dealt with more adequately in books on immunology, the section on the 
principles of heredity, as well as much bacteriologic detail in the chapter on 
‘Bacterial Infections.’ The following new additions, some quite brief, may 
be mentioned : vitamin K and heparin in relation to thrombosis, histoplasmo- 
sis, actinobacillosis, liposarcoma, liver necrosis in burns, spread of tumors by 
the vertebral system of veins, subacute myocarditis of unlmown etiology, dis- 
seminated lupus erythematosus, virus pneumonia and radiation pneumonitis, 
cystic fibrosis of the pancreas, lycopodium peritonitis, the renal juxtaglomeru- 
lar apparatus, the relation of the kidney to h3q3ertension, intercapillary glo- 
merulofibrosis, crush nephritis, non-glomerular and extrarenal uremia. Run- 
ner’s ulcer, the relation of blood phosphatase to carcinoma of the prostate, 
interstitial endometrioma, fibrosing adenomatosis of the breast, Hiirthle-cell 
tumor, Boeck’s sarcoid, the Rh factor in erythroblastosis fetalis, Marchiafava- 
Micheli paroxysmal hemoglobinuria, equine encephalomyelitis, Wernicke’s 
disease, and lesions of the intervertebral disks. Sections which have been 
largely or in part rewritten include those on the etiology of tumors, cirrhosis 
of the liver, goiter, acute intestinal obstruction, the pathologic physiology of 
the spleen, nephrosis, etiologic agents in breast carcinoma, arteriolar sclerosis, 
the etiology of atheroma, of cholecystitis and of diabetes, pyelonephritis, the 
pathogenesis of lobar pneumonia, constrictive pericarditis, endometriosis, the 
etiology of poliomyehtis, and laceration of the brain.” 

The good features of this text-book, which make it so popular \rith our 
medical students, have been pointed out in this Journal in the reviews of 
earlier numbers. Its shortcomings grow steadily less with each edition. 
This is but one more reason for hoping that there will be many more editions. 

E. K. 


Mind, Medicine, and Man. By Gregory Zilboorg, M.D. With a Fore- 
word by Arthur H. Ruggles, M.D. Pp. 344. New York; Harcourt, 
Brace & Co., Inc., 1943. Price, $3,50. 

In language appropriate to laymen, this ps 5 '’chiatrist tells how his specialty 
is today concerned vith maladjustment, with science, crime, war and religion. 
The chapters given most space are: Certain Misconceptions, Crime and 
Judgment, and that of Psyche, Soul and Religion; other chapters are instincts 
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al^d Their Manifestations, Normal Neuroses and Personality, Certain Aspects 
of Mental Illness, Theories and Practice, Chilization and Social Sciences, and 
Varieties of Human Agression. The able discussion on medical jurispmdence 
began \rith that of Babylon 4000 3 'ears ago. High tribute is paid to Freud 
whose psychoanalysis permeates the entire work. The Alaster’s want of 
syTOpathy for all forms of religion is discussed; the defense offered in his behalf 
is not very’ satisfying. Freud *^depth psy’chology’” is not so deep as that to 
be found in the venerable Yoga sy"stem---of which William James wrote eiithusi- 
astically’—thc advance phase of which occupies an exalted religious plane. 
For one of foreign birth and education, the author writes with great clarity 
and furnishes interesting reading. X, V. 


OrERATixG Room Technique. By’ Edvthe Louise AnEXANOEU, R.N., 

Supervisor of the Operating Rooms of The Roosevelt Hospital, New York 

City’. Pp. 392; 221 illus. St. Louis: C, V. ilosby Company, 1043. 

Price, §3.75. 

This monograph should be of interest to the teaching staff of a nur>c< 
training school, particularly’ to those concerned with surgical procedures. It 
is probable that assistant surgeons, surgical residents and fellows and surgical 
interns would benefit from its detailed descriptions. Throughout the text, 
teamwork is stressed as essential to the safeguarding of the surgical ])atient. 

The early part of the book rcriews the ideal arrangement of an ojwrating 
room with emphasis on its care and cleaning. The chapter on Sterilijuation i> 
concise and well outlined. In the discussion of suture material, an historical 
background is given together with a thorough description of various kim^. 
The inclusion of cotton suture material would complete the presentation. 

Twevthirds of the book is devoted to reviewing operative cases in detail. 
The gastro-intostinal chapter is cleverly' introduced with a treatise on aseptic 
technique. 

The illustrations' arc excellent. In criticism one questions the omission of a 
bibliography. L- 


Medical Rkuef in Europe. Questions for Immediate Study. By Mel- 
ville D. Mackenzie, M, I). Pp. 07. Ixindon: Royal Inst, of International 

Affairs, 1942. Price, 2s. net. 

Tins small hook represents a scholarly attempt '"to depict the p-MW 
medical picture as far as this can he foreseen, and to outline a nuinber of pr.acti- 
c.nl considerations whose importance from a medical point of riew has 
emphasized from past experience.'^ It was prepared for the lcarnc<i Royal 
Institute of International Affairs as one of a series of monographs devotjxi 
an unnflicial and unjx)litical inquiry into Britain's jK)licio.s and rcsjKinribiliti'*^ 
toward Euro[>e after the current %var. The chapters de.al with .*^uch matter^ 
ns the sociologic factors contributing the post-war medical pro! Jems, the 
o/Krnrjdi for jx)<t-war inwlical relief, the handling of sjwcific ptiblic hc-alRi 
problems sucli as starvation, malaria and ty'pluis, and the necessity for 
e.-tabli«!rinc a perm.ancnt intcniational healtli organization to replacy tb' 
<iofnnct International Health Office in Pari-^ and the Healtli Organization 
the I.c-ague of Nations, In additii)n to sketching in the skeletal contour- 
a rounde<l alLEuro})o relief program, the authr»r fli-ru^si^^ many' prolitf'Ui'' l'* 
fa'^cinating <ielail. citing exjx'rienres frrmi tlie la-t Oreiit War in 
e>ta!)U4i tlie validity of rwnmnend.ation?* for t!ie conduct of relief in ; 

grtniter war. Tim-, to select an example at rarulom, the rneflitvelegrtf 
cannil'ali'm during famine are con-iderc<l. Iri at h.’a-t one area ot 
during 1919 to lirJl human Ndngs. ti*-urdly children, were kilh*<i r 
bv gangs of starving j>eop!e. Even when fjther ffKsl wa^ made E 

practice' continur*<I at times, owing eith»"r to .an acquirfri mr tht- k’eu ' • 
im*at or l>-Tau-e murd^-rer- vo're o-ubw- fn.m cornmu'"' 
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and unable to come in for supplies. When presented with such a situation 
the medical relief officer will have to decide by examination whether an offender 
when caught was mentally irresponsible at the time because of famine or ill- 
ness, or whether the killing had been clear-mindedly and deliberately done. 
The decision must be made upon the individual’s mental attitude. If he 
discusses the act unhesitatingly and -without shame, or even refers to the satis- 
faction derived from killing, he should be judged, generally speaking, as a 
psychiatric patient morally irresponsible for his action. On the other hand, 
if he attempts to hide or deny what has been done or refuses to discuss the 
killing, the assumption is suggested that he has been knowingly aware of com- 
mitting murder and should therefore be considered as a criminal liable to the 
death penalty. Certainly a type of problem requiring judgment and advance 
training on the part of the au-thority-holding medical officer! 

At the close of the last war a full program for relief was not ready. There 
was tragic delay in getting aid to the conquered countries and chaotic confu- 
sion and costly overlapping occurred among the various international and 
national relief organizations which were hurriedly set up. In fact, during 
the 3 years following the armistice more souls died from starvation and pre- 
ventable disease than were killed in the war itself. To avoid repetition of 
such a terrible tragedy in the years to come it is imperative to make careful 
preparations now, before the present war is over, for a well-organized and 
central administrative machine containing representatives from all the allied 
governments. Such an organization or committee “would serve to coordinate 
the various departmental activities of the governments supplying relief, espe- 
cially those concerned with such -vital questions as priorities, transport, food 
supplies, medical problems, economic reconstruction, agriculture, fishing, etc.” 
On the shoulders of a Medical Sub-committee should rest the problems of 
restoring the nutrition of the hungry and the treatment and prevention of 
epidemic disease. To the work and organization of the medical sub-committee 
the subject-matter of this book is devoted. I. W. 


Bkonchiectasis. By James R. Lisa, Pathologist, City Hospital, Welfare 
Island, and Milton B. Rosenblatt, Associate Visiting Physician, City 
Hospital, W elf are Island. Pp. 190 ; 45 illus. New Y ork ; Oxford University 
Press, 1943. Price, S4.00.„ 

The authors of this small monograph are to be congratulated for the excel- 
lent manner in which they have presented the subject. They have considered 
the anatomy and physiology of the bronchi, the theories of the etiology, 
pathogenesis and pathology of the process. There is an extensive bibliog- 
raphy. As most q{ the literature was controversial, they have studied their 
own material critically in the light of the reports in the literature and have 
discussed briefly the clinical and Roentgen manifestations of the condition and 
its treatment. 

One is impressed with the excellence of the pathologic discussion, and of 
the large number of illustrations, showing the various types of pathologic 
changes in bronchiectasis. 

The Reviewer, in this instance a radiologist, was disappointed in there being 
so little effort to correlate the Roentgen and pathologic manifestations. Lack 
of attention to this detail is an important omission because the radiologic 
aspects of bronchiectasis are much relied upon by all clinicians. The authors 
have,_ however, called attention to the fact that the negative Roentgen ray 
examination cannot be regarded necessarily as e-vidence against bronchiectasis 
being present. The authors, howe-\Tr, have not discussed the manner in which 
brondiography is done, especially in those instances where lobectomy is being 
considered.^ Likewise, they have failed to discuss how bronchiectasis affects 
the dynamics of the bronchial tree and its contiguous structures, both impor- 
tant items in determining whether the condition is reversible or not. Another 
omission has had to do with the drainage of the lipiodol from the lung paren- 
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chjTna and bronchi in normal and abnomial lung structuros. They have not 
discussed the differences in appearances in those cases in whom bronchography 
is performed wthout ha%mg had the lungs aspirated and those that have had 
aspiration performed and then bronchography’* performed. Those radiologic 
considerations are important in evaluating the extent and the character of the 
bronchiectasis. Despite this omission the monograph is an excellent contribu- 
tion and is recommended to anyone interested in this subject. 

The publishers are to be praised for the excellence of the paper, illustmtion^ 
print and general set-up of the monograph. E. P. 


VASCXJU\n Sclerosis with Special Reference to Auteuioscleuo>i>: 
Pathology, Pathogenesis, Etiology^, Diagnosis, Prognosis, Treatment. By 
Eli Moschcowitz, A.B,, M.D., Assistant Clinical Professor of Medicine, 
College of Physicians and Surgeons, Columbia University, New York; 
Physician, Mt. Sinai Hospital, New York; Consulting Physician, Beth El 
Hospital, Brooklyn, N. Y.; Consulting Pathologist, Beth Israel Ilospitnl 
New Y^ork. Pp. 178; 43 illus. New York, Toronto, and London: Oxford 
University Press, 1942. Price, $3.75. 

This relatively small monograph represents a summary and amplification of 
the author's work on this subject during the past 25 years. It favors three 
principles, which are well presented: ‘‘first, the biology of the diseased proc- 
esses; second, the mechanistic genesis of arteriosclerosis; and third, the psycho* 
somatic interpretation of certain forms of essential liypcrtension." Pulmon- 
ary', capillary', venous, and endocardial sclerosis arc included in tfic subject 
matter. A concise but adequate chapter on treatment is also included. The 
most striking feature of this volume is the collection and integration of d.'ita 
along vaih the author's personal observations. His evaluation and intorpretn- 
tion of this material is in line with the mechanistic theory' of the orijdn o. 
arteriosclerosis. He docs not, however, deny' the presence of other condition- 
ing factors. This book is easy to read and gives stimulating foo<i for thoucht 
to both the clinician and pathologist. T. 


Synoi>sis or Diseases of the Skin. By Richatu) L. Sutton, M.D., Kmentu- 
Professor of Dermatology*, University' of Kansas Medical Schwf; anu 
Richauo L. Sutton, Jn,, M.D., Assistant Professor of Dermatology, I m- 
versity of Kans.as Medical School. Pp. 4Sl; 413 illus. St. 

Mosby Company, 1042. Price, $5.50. 

A remarkaule amount of information is included in this relatively 
hook. The materials arc down to date and richly' illuslratcxl by 
photographs, which average one to the page. This is most iinjiortaiit 
subject like dcnn.atology. For the students the book is ndequ.ate, and Uk 
clinician it should suflico for ordinary working purposes. ^ i. » 

The book is of such a .rize that it can be easily' slipj>ed into the 
attractively and sturdily Ivound, and printe<l on enamel p.aper. The 
feels that it is the l>est of tlie shorter treatises on derm.atology*, r. 
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author’s characteristic wit. The quantitative measurement of materials so 
commonly found in scientific reports of this nature and discussion of the inheri- 
tance of complicated traits are not presented,, as this was not within the scope 
or purpose of the author. Nevertheless, the book does embody a Ipge collec- 
tion of scientific material which can be useful to the scientist, and in addition 
the author presents many unsolved problems. This book justifies a wide and 
useful circulation. M. T. 


Atlas of Ovarian Tumors. By Gemma Barzilai, M.D. Preface by Fred 
W. Stewart, M.D., Pathologist, Memorial Hospital for the Treatment of 
Cancer and Allied Diseases, New York City. Pp. 264, 258 illus. (45 in 
color). New York: Grune & Stratton, 1943. Price, 810.00. 

This is essentially an atlas of microscopic diagnosis, illustrated by excellent 
photomicrographs and colored drawings and designed to present both coarse 
and fine microscopic detail as may be found in the different appearances of 
ovarian tumors. This timely presentation has been well done, and is reason- 
ably complete. Some of the rarer and not characteristically ovarian tumors 
are omitted. The morphology, histogenesis, and other features of each neo- 
plasm are systematically described in the text, which is concise and adequate 
in most instances. The author labels the more commonly called serous cyst- 
adenomas as “endosalpingiomas,” in accordance with his belief of the histo- 
genesis of this tumor. Likewise, he prefers the teirn “ seroanaplastic carci- 
noma” to adenocarcinoma. The chapter on secondary ovarian tumors is 
largely devoted to Krukenberg tumors. The book has a plastic binding, 
which lends to its easy use. A few typographical and grammatical errors are 
present. As a whole, the author has succeeded well in compiling and present- 
ing this atlas in a well-organized and very useful manner. M. T. 


A Handbook on Diseases of Children, Including Dietetics and the 
Common Fevers. By Bruce Williamson, M.D., F.R.C.P., London, 
England. Pp. 364; 70 illus. Baltimore: The Williams & Wilkins Com- 
pany, 1942. Price, $4.50. 

The general practitioner who feels the need of a synopsis of pediatrics to be 
carried about as a jog to memory may be interested in this small handbook. 
The main clinical manifestations of the common ailments of childhood are 
described briefly, and suggestions given as to treatment. The section on 
artificial feeding reflects the English rather than the modern American point 
of view; most of the proprietary foods recommended are not known in this 
country. One notes that evaporated milk receives nearly no mention, and that 
“ the feeding-bottle should be of the boat-shaped variety and should be open 
at each end and devoid of corners.” The book suffers also by not describing 
laboratory tests and roentgenograms as aids to diagnosis in early and difficult 
cases. Several pages of useful prescriptions are given at the end. I. W. 


The Medical Clinics op North America (Vol. 27, No. 2), March, 1943. 

Pp. 600; many illus. Philadelphia: W. B. Saunders Companv. 1943. 

Price, year, $16.00. ■ 

This volume treats in detail most of the important aspects of nutrition. 
The various sections are treated in scholarly fashion by indivdduals thoroughly 
familiar with the field. There is, as is inevitable in a volume of this kind, some 
duplication and there are also some conflicting points of ^^ew. An effort is 
made to stroke a balance between points of view nith respect to nutrition; 
m certain instances this results merely in superficiality in both departments. 
However, with careful reading, anyone interested in the subject of nutrition, 
be he scientist or clinician, may find much to instruct him in this book. 

K. E. 
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Transtirdcral Prostatectomy. By Reed M. Nesbit, M.D., F^A.C.S., Associate 
Professor of Surgeiy*, University of Michigan Medical School, in charge of 
the Section of Urolog>', Department of ourger}% With original drawings 
illustrating techniques by Wieuam P. Diduscie A chapter on the Va?cu1ar 
Supply of the Prostate Gland by Rubin H. Flocks, M.D. Pp, 201; G2 
plates. Springfield, 111.: Charles C Thomas, 1943. Price, S7.50. 

The Neuromuscular Maturation of the Human Infant. By IMynxLE B. McGiuiv, 
Associate Director, The Normal Child Development Study, Department of 
Pediatrics, Columbia-Preslwterian Medical Center. Pp, i54; illus. Morn- 
ingside Heights, N. Y.: Columbia University Press, 1943. Price, ?10,00. 

The Chemistry of Natural Coloring Matters. By Fritz Mayer, Ph.D., For- 
merly Professor of Chemistiy* in the University of Frankfort-on-Main. 
Translated and re\ised by A. H. Cook, Ph.D., Department of Cficmistiy, 
Imperial College of Science, London. American Chemical Society ^lnmv 
graph Series. Pp. 354; many figs. New A"ork: Rcinhold Publishing 
Corp., 1943. Price, SIO.OO. 


Ways of the Weather. By W. J. Humphreys, A.B., C.E. Pn.D., Sc.D., Mctcrn- 
logical Physicist (Retired, Collaborator), U. S. Weather Bureau. Pp. 409; 
75 figs. Lancaster, Pa.: The Jaques Cattell Press, 1942. Price, S*b00. 

Clinical Significance of the Blood in Tuberculosis, By Gulu Lindh Mulkek, 
M.D., Pathologist and Director of Laboratory", New England Hospital for 
Women and Children, Boston; Fonnerly Pathologist, Rutland State S.ana- 
torium, Rutland, Mass. Pp. 53G; charts and tables. New York: The 
Commonwealth Fund, 1943. Price, ?3.50. 

Gynecology, By Lawrence R. Wharton, Ph.B., M.D., Associate in Gynm>!- 
og}% The Johns Hopkins Medical School; Assistant Attending Gyirecologbt, 
The Johns Hopkins Hospital; Consultant in Gynccoiop", The Union Mrnu»r- 
ial Hospital, Hospital for Women of Mainland, Sinai Hospital and Cliurrii 
Home and Infirmary’. Pp. lOOG; 444 illus. Philadelphia and I.ondon, 
W. B. Saunders Company, 1943. Price, SIO.OO. 

An J ntrofluction to Group Therapy, By’ S. R. Si..vvson, Director of Group 
Tlicrapy', Jewish Board of Guardians, New York; Fonnerly Lecturer, ScIksh 
of Erlucation, New York University. Pp. 352. New York: The Commote 
weahli Fund, 1943. Price, $2,00. 

A .Unnt/n/ of Pulmonnn; Tufjcrculosis and An Atlas of Thorarir 

By David O. N. Lindbero, M.D., F.A.C.P., Lecturer on Tulrerciijo^is 
Stale University' of Iowa, College of Medicine; Director of BoeutKcnoh>g^*j 
State Sanatf)riuin, Iowa. Pp. 233; 145 figs. Springfield, III.: C’iiarU*> t 


Thomas, 1943, Price, $G.50. 

Bfhnnor and Xiuro^ts, By’ JcLKs H. M.\ssEnMAN', M.D., Assistant 
of Psy'chiatry', University of Chicago and Research As-r>ciate. (Rho A* 
Siirnmie Memorial Institute, Chicago. Pp. 2G9; 7 plates. Ciiierign: 

I niversitv of Chicago Press, 1943. Price, S.3.00. 

PhyGology in Aviatinn, By Chaumkr I-. GrAtMiix, B.S., M.D., (*ofnrnand;‘L 
M. C\, U, S. N. R., Ass/->ciate Professor in Ph>'sio!og>% The .hifm'*' IfopKi-’ 
University'. Sc!t<v)l of Mf'<iicine, Baltimore, Md,; In*^tnictf)r in I^hy'se^^cv 
Sc!i<m) 1 of Medicine, Naval Air Station, IVn^acob. Ma. Witfj a 
iR’^tnunent Hidit bv Lt. FnmuimrK B. Lee, V, S. N. R. Pp. 132; • 
IStabW. Spnngfieid, IIL; CharW C Tltomrts 1913. Price, S24KI. _ 
vf'irf* nv.d IrnrMirx/t.frnpy, By BEt:T RaTNEE, M.D., 
Pro9^-^*r of i^‘»Hatrics, Ne’v York University College of MHlirim*; 
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Endometriosis. By James R. Goodall, O.B.E., B.A., M.D., C.M., D.Sc., 
F.I.C.S. (Hon.), F.R.C.O.G., Fonnerly Professor of Clinical Gynecology and 
Obstetrics, McGill University; Consulting Staff in Gynecology and Obstetrics, 
Royal Victoria Montreal Maternity Hospital; Consulting Gynecologist and 
Obstetrician to the Homeopathic Hospital, Montreal; Consultant in Charge 
of Gynecology in St. Mary’s Hospital, Montreal; Life-Fellow of the American 
Gynecological Society, etc. Pp. 140; 13 illus. in black and white; 16 color 
plates. Philadelphia, London, Montreal: J. B. Lippincott Company, 1943. 
Price, S5.50. 

Essentials of Industrial Health. By C. 0. Sappington, M.D., Db.P.H., Con- 
sulting Industrial Hygienist, President, Central States Society of Industrial 
Medicine and Surgery; Editor of “Industrial Medicine.” Pp. 626; 63 illus. 
Philadelphia, London, Montreal: J. B. Lippincott Company, 1943. Price, 
$6.50. 

Medico-Legal Blood Group Determination. By David Harley, M.D., B.Sc., 
F.I.C., The Laboratories of the Inoculation Department, St. Ma^’s Hospi- 
tal, London. Pp. 119; 13 figs. London: Wm. Heinemann, Medical Books, 
Ltd., 1943. Grune & Stratton, Inc., New York, distributors in U. S. A. 
Price, 12s, 6d. 

Somatic and Endocrine Studies of Puberal and Adolescent Boys. By William 
W. Grbulich, Ph.D., Departments of Anatomy and Anthropology, R. I. 
Dorfman, Ph.D., Department of Physiological Chemistry, H. R. Catch- 
pole, Ph.D., Department of Physiology, C. I. Solomon, M.D., Department 
of Psychiatry and Mental Hygiene, C. S. Culotta, M.D., Department of 
Pediatrics, Adolescence Study Unit, School of Medicine and Institute of 
Human Relations, Yale University. Monographs of the Society for Re- 
search in Child Development, Vol. VII, No. 3 (serial No. 33). Pp. 85; 
10 plates. Washington, D. C. : Society for Research in Child Development, 
National Research Council, 1942, Price, $1.50. 

“This volume is a report of a study of some somatic and endocrine changes asso- 
ciated with puberty and adolescence.” (Preface.) 

Urology in General Practice. By Neise F. Ockerblad, B.S., M.D., F.A.C.S., 
Professor of Clinical Urology, University of Kansas School of Medicine; 
Senior Attending Urologist to St. Luke’s Hospital; Consulting Urologist to 
the Children’s Mercy Hospital, Kansas City, Mo., and Hjalmar E. Carl- 
son, B.S., A.M., M.p., F.A.C.S., Instructor in Urology, University of 
Kansas School of Medicine; Attending Urologist to St. Luke’s Hospital and 
Trinity Hospital, Kansas City, Mo. Pp. 383; 98 figs. Chicago: The Year 
Book Publishers, 1943. Price, $4.00. 

Vitaynins and Hormones. Edited by Robert S. Harris, Associate Professor 
of Nutritional Biochemistry, Massachusetts Institute of Technology, and 
ICenneth V. Thimann, Associate Professor of Plant Physiology, Harvard 
University. Vol, I. Foreword by E. V. McCollum, Johns Hopkins Uni- 
versity. Pp. 452; many tables and figs. New York: Academic Press, Inc., 
1943. Price, $6.50. 

Medical Genetics. By Laurence H. Snyder, Sc.D., Professor of Medical 
Genetics, The Ohio State University. Pp. 130; 24 figs. Durham, N. C.: 
Duke University Press, 1941. Price, $1,50. 

Aa the Twig is Bent. B3’’ Leslie H. Hohman, M.D., Associate in Psychiatry, 
Johns Hopkins Medical School; Assistant Visiting Psychiatrist to The Johns 
Hopkins Hospital. Pp. 291. New ITork; The Macmillan Company, 1943. 
Price, S2.50. ’ 

Medical Clvucs of North America. Sympositnn on Infectious and Tropical 
Diseases. Vol. 27, No. 3. Pp. 280. Philadelphia and London: W. B. 
Saunders Company, 1943. Price, $12.00 year paperbound, $16.00 cloth- 
bound. 
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NEW EDITIONS 


Clinical Roentgenology of the Cardiovascular System. By Hugo Roesleh, M.I)., 
F.A.C.P., Associate Professor of Roentgenology' and Cardiologist^ Depart- 
ment of Medicine, Temple University School of Medicine; CanliolodM, 
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STUDIES ON THE TRANSlVnSSIBILITY OF MALARIA BY 
PLASMA TRANSFUSIONS* 

By Eugene L. Lozner 

X-IEXITENANT, MED1CAI> CORPS, TJNITED STATES NAVAL RESERVE 

AND 

Lloyd R. Newhouser 

COMMANDER, MEDICAL CORPS, UNITED STATES NAVY 
BETHESDA, MD. 

(From the Blood Besearch Division, TJ. S. Naval Medical School, National Naval 

Medical Center) 

It has been demonstrated repeatediy^’®-'^’^® that human malaria may 
be transmitted hy transfusions of the whole blood of individuals who 
have not suffered from clinical malaria for many years. The actual 
plasmodia have been demonstrated microscopicallj’' in the blood of 
such donors.® It has also been observed that the plasmodia caus- 
ing human malaria will remain infective in whole blood preserved in 
the liquid state up to 8 days^-^ and that animal malaria may be trans- 
mitted by whole blood frozen quickly at very low temperatures,^’® 
In view of the rapidly increasing use of transfusions of plasma pre- 
served in the liquid, frozen and dried states, and of the large number 
of volunteer blood donors, some of whom may have had unrecognized 
malaria, participating in the plasma program for the Army and Navy, 
it became of considerable importance to determine the likelihood of 
transmission of malaria by means of plasma transfusions. Studies 
therefore were undertaken with this object in view, and it is the pur- 
pose of this communication to report the results of 35 administrations 
of plasma prepared from donors with active malaria, and preserved by 
different techniques for varying lengths of time. 

Methods. The patients who served as donors for the blood to be processed 
into plasma and as the recipients of the plasma were on the wards of the 
vSt. Elizabeth’s Hospital, Washington, D. C.f The donors were patients with 
active therapeutic quartan and estivo-autumnal malaria. The 35 recipients 

* This article lias been released for publication by the Di\-ision of Publications of 
the Bureau of Medicine and Surgery of the U. S. Nai’j’. The opinions and views set 
forth in this article are those of the writers and are not to be considered as reflecting 
the iiolicics of the Nai’j' Department. 

•t The authors acknowledge with thanks the generous cooperation of Dr. W. Over- 
holsep Superintendent and Dr. W. Eldridge, Principal Medical Ofiicer of St, Elizabeth’s 
Hospital, in making these studies possible. 
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were observed except for 1 doubtful case who showed parasites on 
only one occasion^ had no symptoms and turned out to have had 
malaria 10 j^ears previously. In the 5 administrations of plasma pre- 
served in the liquid state for 2 weeks, no transmissions were observed. 

Discussion. It appears from the above findings that the danger of 
transmission of malaria by any plasma program, regardless of the 
type of preservation used, is minimal. The only definite transmission 
observed was caused by liquid plasma 1 day old. Since administration 
of plasma under 10 days old is performed rarely for reasons of bac- 
teriologic control, it is evident that liquid plasma over 1 week old, 
frozen and dried plasma are all equally safe as regards malaria trans- 
missibility. 

The transmission of human malaria by whole blood preserved up to 
8 daj^s^-^ and of animal malaria by frozen whole blood^'® has been 
reported. It is probable that the reasons for such transmission using 
whole blood and the lack of transmission using plasma are, first and 
probably more important, the question of the size of the infecting dose, 
and second the hemolytic effect of freezing upon the red cell. These 
reasons would depend upon the assumptions that the vector in this 
type of malaria transmission was chiefly the parasitized red cell and 
that no ultramicroscopic form of the plasmodium existed which had thus 
far escaped detection by the microscopist. The findings in the present 
study give weight to the validitj'- of these assumptions. It is of 
interest in this regard that Whitby in a recent review on transfusions 
remarks that “filtration of plasma or serum offers a complete protec- 
tion” from the possibility of transmission of malaria.'® It is assumed 
that a bacterial filter is meant, and it is regretted that no experi- 
mental data are presented. In the present study, no filtration was 
used in the preparation of the plasma and onlj'' a coarse filter sufficient 
to remove fibrin shreds was used in the administration. With this 
technique red cells may be detected microscopically in a hanging drop 
of fresh liquid plasma and red cell “shadows” in a hanging drop of 
stored liquid or frozen or dried plasma. In connection with the 
speculation that the parasitized red cell is the probable vector in the 
transmission, it is of interest to recall the observations made some 
years ago that in the transmission of therapeutic malaria by small 
doses of whole blood the injection of incompatible blood resulted in 
fewer “takes” and longer incubation periods than that of compatible 
blood.®-'® 

The behaAuor of the malarial parasite with respect to varying forms 
of preservation would seem to resemble qualitatively that which has 
been described by others for the Treponema pallidum, which survives 
preservation in liquid whole blood for 48 hours,'® and in plasma frozen 
at -76° C. indefinitely," and in plasma frozen at -20° C. for 24 
hours,'® but not preservation in liquid whole blood for 72 hours'® or 
in frozen plasma at —20° C. for 48 hours'® or in plasma dried from the 
frozen state." 

Summary and Conclusions. 1. Findings on 35 administrations of 
plasma in dosages varying from 60 to 270 ml. prepared from patients 
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with active malaria and preserved by .varying techniques for varying 
periods of time are reported. 

2. In 20 administrations of thawed plasma which had been "shell” 
frozen in a solid carbon dioxide-alcohol bath, no transmissions of 
malaria were observed. 

3. In 3 administrations of restored plasma which had been dried 
from the frozen state, no transmissions were observed. 

4. In 2 administrations of plasma preserved in the liquid state for 
1 day, there was 1 definite transmission and 1 probable transmission. 
In 5 administrations of plasma preserved in the liquid state for 1 week, 
there was 1 very doubtful transmission. In 5 administrations of 
plasma preserved in the liquid state for 2 weeks no transmissions were 
observed. 

5. It may be concluded that the likelihood of transmission of 
malaria by any plasma program, regardless of type of preservation 
used, is practically non-existent. 

The suggestions of Captain E. G. Hakansson (M.C.), U. S. Na\’y, and Captain Paul 
W. Wilson (M.C.)» tJ. S- and the technical assistance of the Blood Plasma and 

Parasitology Departments of the XT. S. Naval Medical School, National Naval Medical 
Center, Bethesda, Md,, are gratefully acknowledged. 
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The mechanism of the proliferation and maturation of blood cells 
is obscure, although assumptions based on the morphology of the 
blood and blood-forming organs have been made, and something is 
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known of the action of the anti-anemia factor of liver. Various factors 
that have been assumed to stimulate and inhibit the growth of blood 
cells have not been well demonstrated. K. Ziegler,® and later Wiseman, 
Doan, and Erf® postulated that a balance was maintained between 
myeloid and Ijunphoid tissues. They believed that hyperplasia of the 
one brought about hypoplasia of the other, but they were unable to 
explain the mechanism. In previous reports® it has been shown 
that proliferation of lymphoid and myeloid cells can be induced 
experimentally in guinea-pigs by the injection of specific materials 
derived from the urines of patients suffering from lymphoid or myeloid 
leukemia. This work has been confirmed recently by Heinle, and his 
co-workers.^ Their results lack uniformity, and this may be ascribed 
to the lower potency of their material resulting from a less efficient 
extraction and purification method. The chemical fractionation of our 
specific stimulating materials has been described elsewhere.® 

This communication describes the lesions induced in the organs of 
animals by the administration of our partially purified extracts and 
fractions of extracts obtained from the urines of patients with acute 
and chronic lymphoid leukemia, acute and chronic myeloid leukemia, 
monocytic leukemia, lymphosarcoma, and Hodgkin’s disease. Two 
purposes have been realized, the accumulation of a large series of 
positive animals and the chemical concentration of the extracts of the 
active principles; the latter was accomplished by using the biologic 
test as a criterion of the chemical separation. The specificity of the 
biologic reaction, which has been emphasized previously, was of great 
value in the chemical work; it has permitted the collective description 
of the lesions produced in animals by various fractions that produced 
the same biologic reactions although obtained at different stages of 
the chemical concentration. 

A theory is proposed concerning the action of the stimulating sub- 
stances in inducing lesions in animals and the relation of these sub- 
stances to the formation of similar lesions in some of the human blood 
dyscrasias. 

Materials and Methods. Extracts of urine prepared by a method described 
in 1940® and fractions of these extracts described recentlj^-® were used in the 
present study. 

_ Guinea-pigs, rats and rabbits have been used. The results have been con- 
sistently better in guinea-pigs; however, some of the most marked lymphoid 
changes have occurred in rabbits and rats. Since spontaneous leukemia is 
exceedingly rare in the guinea-pig, this animal was chosen for the investigation 
reported in this paper. 

The original chloroform extract, which contained acid and neutral material, 
was adjusted to pH 7 to 8 with aqueous alkali. Each cubic centimeter of the 
aqueous solution containing suspended matter corresponded to 1000 to 1500 cc, 
of urine. It was injected in increasing doses, starting with | cc.; the dose 
was increased everj^ 5 days until 1| or 2 cc. was given daily. The first fractions 
obtained by the chemical separation of this extract were given either undiluted 
or in olive or sesame oil in 3 to 4 doses of 50 to 400 mg. per dose which rep- 
resented similar or slightly greater amounts of urine. Subsequent fractions 
usually have been given undiluted. The doses of these fractions have been 
adjusted to permit a comparison of the two fractions produced by each pro- 
cedure in the separation. Thus, when two fractions were obtained vith 10 
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times as much material in one as in the other, these proportions were main- 
tained in the amounts given of each part. 

Blood counts of the animals were not of special significance. Most of the 
myeloid animals had some anemia and leukocyte counts of 40,000 to 50,000 
'^’ere obtained several times. The hemograms of the l^miphoid and myeloid 
animals were usually different. In the former, although the total leukocyte 
counts were normal, relative lymphocytoses occurred. In the latter, myelocytes, 
myeloblasts, and nucleated eryd-hrocytes frequent^ appeared in the peripheral 
blood. The animals were killed as soon as they became moribund. This usually^ 
occurred 3 to 5 weeks after the beginning of the experiment. Most of the 
animals at necropsy^ were found to have necrosis and hemorrhage at the sites 
of injection. This occurred in negative as well as in positive animals. 

Description of the Induced Lesions.* Thirty^-six animals have been 
given the active principle, either as extracts or as fractions of extracts 
from the urine of patients with chronic viyeloid leukemia. All these 
animals have exhibited changes in their organs similar to the changes 
of human chronic my^eloid leukemia. Liver, spleens, adrenals, and 
bone marrows have shown my^eloid proliferation invariably- ; the lungs, 
kidney^s, and lymph nodes have been affected less frequently'. In the 
liver, metaplasias of young erydhroid and leukoplastic cells were found 
between the liver cords, around blood-vessels, and to some extent in 
periportal areas. Megakary'oeytes occurred frequently in this new 
growth of ymung blood cells. The architecture of the spleen was dis- 
arranged because of the presence of my-eloid proliferation, and a lack 
of lymphopoiesis was evident. In the adrenal, the metaplastic my'elo- 
poiesis has occurred under the capsule and in the cortex; less fre- 
quently% it has been noted in the medulla. In the cortex it has occurred 
as nests of forming cells between the cords or intravascularly'. The 
bone marrows of all these animals have been hyperplastic in all the 
cellular elements (Figs. 1, 2), 

Three animals have received the extracts of the urine from 2 patients 
with acute myeloid leukemia. The changes in the organs of these animals 
were exactly' similar to those in the animals that received material 
from the urine of patients with chronic my^eloid leukemia. The acute 
nature of the disease was not transferred (Fig, 3). 

Forty^ animals received the lymphoid stimulating substance either 
as extracts or as fractions of extracts of the urine from patients with 
chronic lymphoid leukemia. These exliibited changes similar to those 
found in human chronic lymphoid leukemia. There was much less 
liver involvement than in animals that received my’eloid substance, 
and this occurred as perivascular infiltrations or as minute ly'inph 
nodes. The spleens were alway^s hy'perplastic in cellular contents, often 
showing merely' enlargement or increased numbers of ly-mph follicles; 
at times, however, the hy'perplasia obliterated the entire splenic archi- 
tecture. All the ly'mph nodes were somewhat enlarged and rupture of 
the capsule was noted several times. The kidney's were more often 
involved than in our my'eloid animals. In animals that received the 

♦ The accompanjing photomicrographs represent sections of the organs of guinea-piRS, 
and illustrate the lesions produced by the active material obtained from various urines. 
The urinarj" source is indicated briefly following the identification of the organ. AU 
sections were stained with hematoxj'lin and eosin. 



149 




:: ^ 

















Fig. 10.— Trachea: Hodgkin’s disease. Note the infiltration in tissue between 
cartilage. (X 100.) 

Fig. 11. — Spleen: Hodgldn’s disease, hydroxy-acid fraction, showing lymphoid 
hyperplasia. (X 475.) 

Fig. 12. — Lymph node: Hodgkin’s disease, hydrox^’-acid fraction, showing l>Tnphoid 
hyperplasia. (X 475.) n nn 
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Again, to a lesser degree, Ijonphoid hyperplasia and pictures simu- 
lating IjTuphoid leukemia were obtained in S animals after the use of 
the partially pimified extracts of urine from 4 patients with lympho- 
sarcoma. 

Four animals were given the partially purified extract of the mine 
from 2 patients with monocytic leukemia. The changes elicited in the 
organs of these animals were neither l;>Tnphoid nor myeloid. The liver 
showed some perivascular infiltration with small round cells similar 
to Ijunphocytes, and at times this infiltration contained many eosino- 
phils. The liver of 1 animal showed minute nodules composed of round 
cells, eosinophils, and fibroblasts. The spleens contained many large 
cells with foamy cytoplasm, many fibroblasts, and a few multinucleated 
giant ceils. The Ijunph nodes were somewhat enlarged in all these 
animals and the histologic changes were similar to the changes in the 
spleens. All the bone marrows were hyperplastic, and there was always 



Fig. 13. — LjTnph nodes surrounding trachea: chronic myeloid leukemia, hydroxy- 
acid fraction, showing lymphoid hypertrophy. (X S,) 


an increased number of megakaryocytes. In all these lesions the 
number of mitotic figures also was increased. 

The same changes occurred in the organs of 6 animals treated with 
similar material from 2 patients with Hodgkin's disease. In these, 
however, a more definite trend towards hmiphoid stimulation was 
apparent. In 2 animals, the lymph nodes had the appearance of 
lymphosarcoma with proliferation of cells through the capsules and, 
in one instance, the nodes found near the trachea showed infiltration 
between the cartilages of this organ. Again, there was an increased 
number of mitotic figures in the lesions (Figs. S, 9, 10). 

Each of 3 animals was given equal weights of l^^phoid and myeloid 
stimulating fractions simultaneously. These fractions were both 
obtained at a similar stage of the fractionation procedure described 
elsewhere^ and corresponded to acids B of that paper. The changes 
in the histology of the organs of these animals resembled the changes 
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found in the animals that received extracts of the urine of patients 
with Hodgkin’s disease or monocytic leukemia. 



Fig, 17 .~-I»iver: injection of equal weights of xnyeloid and bTcnphoid stimulating 
fractions. This shows perivascular bhnphoid infiltration accompanied by eosinophils. 

Liver: monocytic leukemia, non'carbinol acid fraction reduced and hy- 
droxy-acids separated from the product and injected. This shows a lymphoid reaction. 
(X 475.) 
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In our paper describing the chemical aspects of this problem® it 
has been shown that mixtures of the mj^eloid stimulating substance 
and the lymphoid stimulating substance can be separated. _ The 
lymphoid stimulating material was removed from the mixture in the 
fraction containing hydroxy-acids, while the myeloid stirnulating 
material remained with the non-carbinol acids. By employing this 
procedure it was possible to show the presence of small amounts of 
Ijunphoid stimulating material together with large amounts of myeloid 
stimulating material in the urine of patients with chronic myeloid 
leukemia. 



Fig, 19.— ‘Pelvis of kidney: same material as Figure 18. (X 100.) 

Fig. 20. — Medulla of adrenal: same material as Figure 18. (X 475.*) 

The urine of patients with monocytic leukemia or Hodgkin’s disease 
was found to contain the two specific myeloid or lymphoid stimulating 
substances in a more equal proportion. The mixtures were separated 
in the same manner and the hydroxy-acid fraction gave a pure lymphoid 
response in animals while the non-carbinol acids gave a pure myeloid 
picture in animals. 

The urine of patients with chronic lymphoid leukemia was shown 
to contain small amounts of myeloid stimulating material besides 
large amounts of lymphoid stimulating material. 

No myeloid stimulating substance was found in the urine of 2 
patients with acute lymphoid leukemia. 

The biologic results supporting these chemical separations are shown 
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in Chart 1. The degree of activity of each fraction is also noted in 
Chart 1. 


Chart 1, “-Activity of Chemical Fractions 
iNIyeloid leukemia Lymphoid leukemia 


Alaterial 

Chronic 

Acute* 

Chronic 

Acute 

jMonocytic 

leukemia 

Hodgkin’ 

disease 

Hydroxy-acids : 

LjTnphoid activity 

+ 



+ + + 

+++ 


+ + + 


(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

Non-carbinol acids; 

Myeloid activity 

+ + + 

+ + 

+ 

— 

4 --!- + 

4 " + 


(2) 

(2) 

(2) 

(2) 

(2) 

(4) 


* Since the manuscript was sent to press, one urine of a patient vith acute myeloid 
leukemia has become available and the result entered on this chart. 

The number of animals employed is indicated in parentheses. 


In the same report,^ a chemical method was described for the con- 
version of the lymphoid stimulating substance to myeloid stimulating 
material. The reverse transformation was accomplished also. This 
involved a reduction for the conversion of myeloid material to lymphoid 
and an oxidation for the reverse change. These reactions in each 
instance were applied to material containing only one of the two 
biologically active substances (Figs. 11 to 20). 

Discussion. The chemical evidence reported elsewhere® suggests 
strongly that there are only 2 substances involved in producing the 
specific histologic changes described in this paper, although a variety 
of urinary sources has been used. These substances, one of which 
produces myeloid proliferation, and the other honphoid, are closely 
related chemically. 

In order to explain the action of the 2 substances we have formulated 
a theory which accounts in part for their physiologic activity. 

In the amounts we have used, no active material has been found 
in the urine from normal individuals. We assume, however, that the 
body fluids of normal individuals must contain similar substances and 
that normal hematopoiesis is regulated by them. On this assumption 
and from our findings we have charted in a rough way the occurrence 
of these substances in the normal and in several of the blood dyscrasias 
(Chart 2). 


Chart 2. — Theoretical Occurrence of Stimulating Substances in the 
Normal and Se\tgral of the Blood Dyscrasias 



Norsal 


Cliroolc Chronic Acute Acute Aplasia 

Hyelold tynphold Hyelold Lymphoid 

L^keala Leukemia Leukemia Leukemia 


Black - Hyelold stimulator White - Lymphoid stimulator 


Hodgkin's 

Disease 

and 

Kvtocytfc 

Lcukealt 


We suggest that these substances are mutually reciprocal in action. 
The myeloid substance stimulates myelopoiesis, i. c,, proliferation 
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without maturation. The maturation of myeloid cells is brought about 
by the action of the lymphoid substance which inhibits the prolifera- 
tion of the myeloid cells and hence allows them to mature.^ The 
lymphoid substance brings about lymphoid proliferation without 
maturation. Maturation of these cells is brought about by the action 
of the myeloid substance which inhibits the proliferation of the lymph- 
oid cells and hence allows them to mature. Normally, the 2 substances 
are balanced in action and therefore regulated hematopoiesis occurs. 
We postulate that an excess of myeloid substance occurs in chronic 
myeloid leukemia together with at least a normal amount of Ijonphoid 
substance. Hence the disease runs its course with greater than normal 
maturation of myeloid cells in evidence. As the lymphoid substance 
becomes exliausted, an acute exacerbation occurs, characterized by 
proliferation of myeloid cells without maturation. Death follows with 
the disease in an acute or blastic phase. Chronic Ijnnphoid leukemia 
may be explained in a similar manner. 

The two acute diseases, acute lymphoid and acute myeloid leukemia, 
may be explained as deficiencies of one or the other maturating sub- 
stance. 

By giving Ij’^mphoid or myeloid substance to animals we have 
experimentally reproduced the two diseases in which an excess of one 
substance and at least a normal amount of the other are assumed to 
occur. The detection of both substances in the urines of patients with 
these two diseases substantiates this assumption, and also explains the 
inability to reproduce the acute phases of these diseases. If one or 
the other substance could be destroyed or removed from the animals 
the corresponding deficiency disease easily would be obtained. In the 
extracts of urine of 2 patients with acute l.ymphoid leukemia we were 
unable to demonstrate myeloid substance. Theoretically, we should 
not obtain more than one substance from the urines of patients in 
the acute phase of leukemia. 

Hypoplastic or aplastic anemia may be assumed to be a deficiency 
disease in which both factors are lacking; therefore, little proliferation 
and little maturation of either type of cell takes place. 

We have found both stimulating substances in excess in the urine 
from patients with Hodgkin’s disease and monocytic leukemia; there- 
fore we have placed these two diseases in that category on Chart 2. 
The reaction observed in the animals that received both substances 
substantiates this part of the hypothesis. L^^nphosarcoma is omitted 
from the chart, but from this work it would seem to be a variation of 
lymphoid leukemia. 

This work may lead to a new type of therapy for human leukemia 
If the theory is correct, leukemia resulting from a lack of one of the 
2 substances may be controlled by the replacement of this substance. 
The theory, however, implies that such replacement therapy would be 
useful in the chronic leukemias only in preventing the occurrence of 
acute or blastic phases. 

Summary. Descriptions and photomicrographs are given of lesions 
observed in animals following injection of 2 substances obtained from 
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urines of patients with leukemia, and allied diseases. A theory is pro- 
posed to account for the action of these substances. This work may 
provide a basis for a better understanding of leukemia and of normal 
hematopoiesis. 

REFERENCES 

1. Heinle, R. W,, Wearx, J. T., Weir, D. R., and Rose, F. A.; Ann. Int. Med., 
17, 902, 1942. 

2. Jones, H. W., Miller, F. R., and Hause, W. A.: Trans. Assn. Am. Phvs., 45, 54, 
1940. 

3. Miller, F. R., and Hause, W. A.: Proc. Soc. Exp. Biol, and Med., 45, 387, 1940. 

4. Miller, F. R., Hause, W. A., and Jones, H. W.: Proc. Soc. Exp. Biol, and Med., 
50, 115, 1942. 

5. Miller, F. R., Wearx, J. T., and Heinle, R. W.: Proc. Soc. Exp. Biol, and 
Med.. 41, 479, 1939. 

6. Turner, D. B., and Miller, F. R.: J. Biol. Chem., 147, 573, 1943. 

7. Wearx, J. T., Miller, F. R., and Heinle, R, W,: Trans. Assn, Am. Phys., 54, 
278, 1939. 

8. Wiseman, B. K., Doan, C. A., and Erf, L. A.; J. Am. Med. Assn,, 106, 609, 1936. 

9. Ziegler, K.: Experimentelle und klinische Untersuchungen liber die Histogenese 
der myeloischen Leukamie, Jena, G. Fischer, 1906. 


SICKLING TRAIT IN A WHITE ADULT ASSOCIATED WITH 

HEMOLYTIC ANEMIA, ENDOCARDITIS AND MALIGNANCY* 

By Lotus Greenwald, M.D. 

associate physician, metropolitan hospital; assistant clinical professor 
OF medicine, new Y'ORK medical college 

Jess B. Spielholz, M.D.f 

assistant hematologist, BETH ISRAEL HOSPITAL, NEW Y'ORK CITY; ASSISTANT 
clinical instructor in MEDICINE, NEW Y'ORK MEDICAL COLLEGE 

AND 

Joseph Litwins, M.D. 

TRANSFUSIONIST, BETH ISRAEL HOSPITAL, NEW Y’ORK CITY'; CLINICAL INSTRUCTOR, 
NEW Y’ORK MEDICAL COLLEGE 
NEW YORK, N. Y. 

(From the Departments of Medicine, Metropolitan, Flower and Fiftli Avenue Hospitals) 

Until Cooley and Lee^ first reported an authenic case of sickle-cell 
anemia in a white person, the disease was assumed to be characteristi- 
cally one of the negro race. Additional trustworthy 
have subsequently accumulated; the pertinent data of the known cases 
are summarized in Table 1. It seems more than a coincidence that 
these, and the patient to be reported, are all of South Italian stock. 
The not infrequent occurrence of the sickle-cell trait in Puerto Ricans 
and Mexicans is understandable, because of the high incidence of cross- 
breeding with the negro race. In tracing the derivation of those 
patients whose family history admits of no such admixture, one is 
struck by the high proportion with Mediterranean background. 

It is a moot question, whether, as some students of the disease predi- 
cate, a negro strain was introduced during the migrations and wars of 
ancient or even earlier times, or whether the sickle-cell trait need not 

* Aided by a grant from John Wyeth A Brother, Inc. 
t Dr. Spielholz is now on active service. 
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carry any connotation of negro heritage. The subject has more than 
ethnologic or historic interest, for it may be a clue to the diagnosis 
and understanding of a hitherto bizarre and unrecognized group of 
hemolytic anemias. For this reason, it is suggested that the blood in 
all cases of obscure hemolytic anemia be tested for the sickling trait. 

An additional case of hemolytic anemia in a white person who 
showed the sickling trait and in whom a metastatic carcinoma was 
found on postmortem examination, is presented in this communication. 

Table 1.— of Pkevioos Reported Cases of Sickle-cell Anemia 

IN White Persons 


Author 

Year 

Age 

Sex 

Birth- 

place 

Father’s 

birthplace 

Father’s 

blood 

Mother’s 

birthplace 

Mother’s 

blood 

Remarks 

Cooley and 
Lee* 

1929 

1929 




Byregos, 

Greece 


Byregos, 

Greece 

Sickles 

2 siblings, normal 

Sights and 
Simon^^ 

1931 

48 yrs. 

M 

U. S. 

U.S. 

Not exam. 

U. S. 

Not exam. 

Patient had lues and 
malaria, transient 
sickling; Scotch- 
Irish descent 

RoscnfeM 

and 

Pincus^^ 

1932 

v9yrs. 

M 

u. s. 

Keggio, 
Calabria, 
So. Italy 

Normal 

U. S., par- 
ents from 
Casabana, 
Calabria 

Sickles, 

long- 

standing 

anemia 

Maternal grandmother 
and aunt and 1 sib- 
ling sickle 

Clarke' 

1933 

m 

M 

M 



Normal 

Carlentina 

■ Normal 

3 siblings, normal 

Cooke and 
Mack2 

1934 

10 mos. 
yrs. 

M 

F 

u. s. 

U.S. 

(Ohio) 

Sickles 

U. S., par- 
ents from 
Ky., Va. 

Normal 

4 siblings have pal- 
pable spleen, no sick- 
ling 

Haden and 
Evans^ 

1 

Syrs. 

15 yrs. 

: F 

F 

Sicily 

U.S. 

i 

Sicily 

Died of 
blood 
dyscrasia 
atypical 
anemia 

i Sicily 

i 

Normal 

1 brother sickles, 4 
siblings normal 

Johnson and 
To\STlSCDd8 

1937 

5 yrs. 

M 

Greek 

Greece 

Dead 

Greece 

Normal 

3 siblings not exam- 
ined 

Wciner'7 

1937 



U. S. 
N. J. 

Mibtressa, 

Sicily 

Normal 

Mistressa, 

Sicily 

Normal 

i 

Maternal grandmother 
neg., 1 sister neg.. 
2 younger brothers 
show anemia, sick- 
ling and spicnomeg. 

Pontoni'® 

1939 

13 yrs. 

F 

Italy 





Quotes 2 cases previ- 
ously reported in the 
Italian literature 

Green wald 
and 

Burrett* 

1940 

22 >TS. 

9 JTS. 

F 

F 

u.a 

u.s. 

Naro, 

Sicily 

Not exam, 
dead 

Naro, 

Sicily 

Sickles 

Mother, aunt and 
cousin sickle 

htallorj****^ 




u*s. 

Boston 

Italy 


Italy 

Normal 

2 siblings negative 

Wade and 
Stevenson' 

1941 

4 

49 ITS. 

F 

Greek 





No familial histoiy* 

Vance and 
Fisher'* 

1941 


M 


Greek 

parentage 


! 

1 

1 


No additional family 
histoiy' 


Case Study. L. D., admitted on Aug. 13, 1941. Female, white, age 54 • 
born in Palmerno, Italy. 
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Present Historij. Weakaess, fever, generalized aches and pains and head- 
ache ^Yere first noted on August 3, and became progressively worse. A 
“black-e 3 ^e" and several other areas of ecch 3 Tiioses were noted 2 dfxys, before 
admission. 

Family and Past History, The patient was an adopted child and nothing is 
known of her parents, though they came from the same Yullage as her foster 
parents, where negroes w’ere unknovm. She is said to have had no siblings. 
She had enjoyed reasonably good health, Para \ii; 6 children are alive and 
well. One daughter died of hemorrhage following childbirth. Menopause 
was uneventful two years ago. The patient was operated upon in i\Iarch 1941, 
when a cholecystectomy was performed because of a phlegmonous gall bladder. 

Physical Exaininaiion, —On admission the patient was extremety ill, tempera- 
ture 101.6'^ F., pulse 80 to 120, respiration 20 to 30. She was pale and jaun- 
diced, obese, and there were no negroid features. There was a periorbital 
ecch 3 unosis of the right eye, and a few scattered petechiie and ecch 3 ’‘moses. 
Tachycardia was noted, and there was a bloudng s 3 ’'stolic murmur heard best 
over the pulmonic area; blood pressure 112/55. The lungs were clear. The 
abdomen was soft and not tender. The liver and spleen were not felt. A 
transverse scar was noted in the right upper quadrant. There Avas no periph- 
eral edema, and reflexes were normal. 



Fig. 1.— Peripheral blood smear showing erythroblastosis and target cells (some are 
marked by arrows). (X 1350.) 

Laboratory Data, Peripheral blood coiuit the da 3 ^ following admission: 
Hgb. 25%, R.B.C. 1.30 million, W.B.C. 26,000; differential: mAxIoblasts 2%, 
neutrophilic myeloc 3 *tes 3%, metam3"eloc3des 6%, staff forms 30%, segments 
25%, eosinophils, 3%, bmpbocjdes 30%, monoc 3 'tes 1%, normoblasts 55 and 
erY'throblasts 5 per 100 W.B.C. (Fig. 1), reticuIoc 3 des 17.6%, R.B.C. showed 
slight anisoc 3 'tosis, hyperchromia and pob'chromasia. There was slight 
poikilocAdosis. The bone marrow (aspiration) was h 3 ’pcrplastic and ei^dhro- 
blastic, Arith good distribution of the mA^eloid elements. Few megakar 3 ’‘ocytes 
were seen (Fig. 2). Platelet count: 60,000 platelets, Avliich dropped in 5 da}’S 
to 15,000. Subsequent blood counts are recorded in Table 2. Coagulation 
time was 31 minutes; bleeding time, 2{ minutes. Clot retraction began in 
1 hour and Avas complete in 15 hours. The tourniquet test Avas positive. 
HemolA'Sis to hA'potonic saline began at 0.495 and Avas complete^ at 0.270. 
Icteric index av^ 28 on admission and rose to 80, AA*ith a positive immediate 
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direct Vandenburg reaction. Sickling of the R.B.C. in a “wet-slip prepara- 
tion” was demonstrated on several occasions (Fig. 3). Blood chemical figures 
per 100 cc. of blood were: N.P.N. 25 mg., glucose 130 mg., total cholesterol 
180 mg., cholesterol esters 68 mg., creatinine 1.5 mg., total protein 7.83 gm.; 
albumin, 4.64 gm., globulin 2.89 gm., fibrinogen 0.3 gm., prothrombin index 
78%; gastric analysis free acid absent after histamine. The urine showed no 
hemoglobinuria. Roentgen ray of chest (Aug. 14, 1941) “the transverse diameter 
of the heart shadow is somewhat increased. The hilar and parenchymal mark- 
ing are increased. Impression: cardiovascular disease.” E.C.G. (Aug. 14, 
1941): “ Qi absent, Ti low. Left axis deviation. Impression: possible myo- 
cardial damage.” 


Fig. 2. — Sternal marrow smears showing hyperplastic erythro-normoblastic marrow. 

(X 1350.) 




Fig. 3.— Wet preparation showing marked sickling of cr>"throcytes. (X 1350.) 

Course. Frequently repeated blood transfusions (9 in all), large doses of 
cevitamic acid and parenteral liver extract had little effect upon the clinical 
course or upon the blood picture. The patient died on August 30, 1941. 

Necropsy. Gross (Dr. Andrea Saccone, of ^letropolitan Hospital): Heart. 
450 gm. The a])ex is covered with a slight amount of vellow fat. The right 
ventricular wall measures 5 mm. in thickness, the left, i cm. On the corpora 
Arantii there are some very fine vegetations. The same type of vegetations 
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IS present on the mitral valve. There is no change in the tricuspid valve. 
The foramen ovale is closed. The myocardium is uniformly dull in appear- 
ance, but there are some grajdsh areas in the myocardium supplied by the 
anterior descending coronaiy^ arte^ 3 ^ The circumflex (left) coronaiy^ arter 3 ^ on 
section shovrs only some patches of sclerosis. The aorta has a reddish-yellow 
intima and, starting at the arch, there are some patches which are raised. 

Respiratory Apparatus, The larjmx, trachea and large bronchi are covered 
with a slight amount of yellovdsh mucus. The glands at the hilus of the lung 
are small, discrete and dark in color. The left lung weighs 450 gm. It is sligh% 
yellowish in color vdth small areas of atelectasis. There is a small area of 
atelectasis, with its base, measuring 1 cm., at the lower edge of the lung. 
Large amounts of foamy fluid can be expressed from the lung. The right lung 
weighs 550 gm. The lower lobe is dark red in color and firm. On section it 
has the same appearance as the left lung. 



Fig. 4. — Spleen showing sickle-cells (arrows) in pulp spaces near a trabecula. 

(X 1125.) 

Spleen, ISO gm. The capsule is tense and at the edge of the capsule there 
are some dark areas which are sharp!}' demarcated on section. The pulp is 
firm with prominent trabeculte. 

Pancreas. ISO gm. There is an increase of the connective tissue on section. 

Histologic (Dr. F. D. Speer): Spken (Fig. 4) shows moderate congestion. 
The capsule and trabecula? show a slight increase in fibrillar connective tissue. 
Small and moderate sized collections of Ijunphoid tissue are noted about the 
splenic arterioles. No active “germinal centers*^ are seen. The arterioles them- 
selves show slight thickening of their walls due to an increase of fine fibrillar 
connective tissue. High-power study of the splenic pulp shows a moderate 
number of elongated and sickle-shaped red blood cells throughout. It is esti- 
mated that this cell type comprises about 10% to 15% of the red cells seen in 
the pulp. There is no apparent increase in leukoc}ies or in splcnocytes in the 
pulp. Another section of the spleen shows a small triangular-shaped sub- 
capsular area in which the finer pulp structures shows slight granular disinte- 
gration. Immediately beneath the capsule there is a narrow zone of congestion 
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and hemorrhage. Throughout this zone, and also throughout the pulp tissue, 
there is a number of small blood-vessels occluded b}’^ thrombi in "which fibrin 
and a few red and white blood cells can be identified. There is also an extensive 
zone of congestion and hemorrhage in the pulp and adjacent to the area of 
granular necrosis. In these areas of congestion and hemorrhage, small numbers 
of sickle-shaped red blood cells are seen. 

Pathologic Diagnosis, Fibrosis, moderate congestion, moderate numbers of 
sickle-shaped red cells in pulp, small recent infarct showing adjacent hemor- 
rhage, focal thrombosis of the smaller blood-vessels. 

Mitral Valve (Fig. 5) shows a pjTamidal segment of myocardial muscular 
tissue at the base. The valve leaflet shows a minimal increase in hyalinized 
connective tissue. At the edge of the valve there is a large knoblike thickening 
consisting of laminated hyalinized connective tissue and a calcified center. 
The surface of the valve covering this nodule shows an irregularly shaped 
thrombotic mass consisting essentially of old fibrin in which there are a few 
entrapped red blood cells and leukoc 3 des. No bacterial colonies are demon- 
strated in this thrombotic mass. In this section of valve and attached mj^o- 
cardium there are no Aschoff lesions. 

Pathologic Diagnosis, Focal fibrosis and calcification (healed rheumatic 
vahnilitis). Small vahmlar thrombi consisting of old fibrin (thromboendo- 
carditis). 

Liver, Central albuminous and fatty degeneration and cytonecrosis, focal 
fatty infiltration, periportal fibrosis, focal fibrin thrombi in sinusoids, isolated 
sickle-shaped red blood cells. 

Limps (Fig. 6). Focal atelectasis and edema, multiple small carcinomatous 
metastases (bronchogenic origin?). 

Peritracheal Lymph Nodes, Anthracosis, metastatic anaplastic carcinoma 
(bronchogenic origin?). 

Pancreas, Slight peripancreatic fibrosis, minute carcinomatous metastases 
in peripancreatic tissues. Multiple carcinomatous metastases and fibrosis of 
lymph nodes. 

Table 2. — Blood Findings of the Patient 
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Following the recognition of sickling of the erythrocytes in the 
patient all of her descendants w'ere examined for the sickle-cell trait. 
Latent sicklemia was demonstrated in 4 members of the family: 2 sons, 
a daughter and a grandchild (see Chart 1). They are all well and give 
no history suggestive of previous hemolytic crises nor show any hema- 
tologic evidence at present, of active disease (Table 3). It will be 
noted that an increased fragility to hypotonic saline was found in 
3 of these cases, as well as in the patient. This is contrary to the usual 
finding of increased resistance. 

Discussion. There are several points of interest in the above story. 
The advanced age of the patient, the finding of malignancy and the rcla- 
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tionship of this finding to the differential diagnosis of the anemia, the 
endocardial lesion demonstrated, and the associated thrombocytopenia 
are all unusual and deserving of some comment. 




Chart 1. — Black circles (females), rectangles (males) indicate those who showed sick- 
ling of erythrocytes. (1) The patient; (3, 4, 5) her two sons and daughter; (6) a grand- 
son; (2) daughter died of hemorrhage at childbirth; (7) grandchild died of pneumonia 
at the age of 1 year. 




Table 3.— Blood Findings in the Descendants Showing the Sickle~cell 

Trait 
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F. D. M 36 95 4,95 7,800 230,000 0.2 3 69 1 25 2 Normal red cells 

L. D. M 28 100 5,06 8,800 350,000 0.2 1 58 35 6 0.52 4 Neg. Bare target cell 

to 

0.32 

A. D. P 23 81 4.40 6,200 340,000 0.2 3 57 3 30 7 0.52 6 Ncg. Rare target cell, 

to rare sickle cell 

0.32 

F. D.,Jr. M 12 76 4.45 6,000 300,000 0.4 49 3 38 10 0,48 Neg. Slight anisocytosis, 

to rare target cell 

0.32 


This is the oldest in the group of non-negro patients collected in 
Table 1. With the exception of Wade and Stevenson’s^^ 49 year old 
patient, and Sights and Simon’s*^ 48 year old patient (-which has been 
included but not definitely accepted), the patients -were all in the 
first or second decades of life. Nothing in our patient’s history sug- 
gested any hemolytic crisis before the fatal one at 54 years of age. 
Although sickle-cell anemia usually begins in childhood, the first symp- 
toms of the disease have been observed in a negro 78 years old.^® No 
iron deposition -was found in the liver nor in the cells of the reticulo- 
endothelial system. The moderate fibrosis of the spleen, as noted, is 
the only suggestion that earlier mild episodes of hemolysis may have 
taken place. 

Clinically and hematologically the findings associated vith a hemo- 
lytic crisis dominated the picture, viz,, anemia, icterus, reticulocytosis. 
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macrocytosis and normoblastosis. The thrombocytopenia and hemor- 
rhagic diathesis are unusuab but have been reported.^ The etiologic 
factor accounting for the acute hemolytic episode V’as obscure until 
illuminated by the demonstration of the sickling trait. Differential 
diagnosis suggested several possibilities. Cancer, ultimately found by 
microscopic examination of the organs, though considered, could not 
be demonstrated clinically, and the patient was too ill to be subjected 
to rigorous diagnostic procedures. Acute hemolytic anemia of the so- 
called "^Lederer"^ type was a tentative diagnosis. Failure to respond 
to repeated transfusion tended to remove her from this group. The 
indication for splenectomy was considered in view of the lack of 
response to transfusions, but discarded because of the discovery of 
sickling and the critical condition of the patient. Bone marrow studies 
ruled out a possible leukemia, suggested by the leukemoid peripheral 
white cell response. A careful search into her dietary habits failed to 
confirm favism as a possibility. No history of drugs nor contact with 
cyclic chemicals could be obtained. 

Before the necropsy report, the case obviously appeared to be one 
of sickle-cell anemia in crisis. The postmortem findings of metastatic 
carcinoma and an endocardial lesion offered two additional possible 
causes for the hemolytic crisis. Any of these conditions may have 
produced this type of anemia. The absence of bacterial grovi:h on the 
endocardial lesion and the necropsy findings tended to rule out infec- 
tion as the cause of the anemia. Unfortunately no blood culture was 
done. There are several observations which incline toward the view 
that hemolysis was secondary to sicklemia rather than to malignancy. 
A. Sickle cells were demonstrated in the spleen, liver and in the heart’s 
blood postmortem. It is accepted that actual sickling of cells within 
the internal organs occurs only in the active phase of the disease, 
whereas in latent cases, in vitro lowering of oxygen tension is necessary, 
to produce sickling, B, The malignant lesions were small, subclinical, 
found only on histologic sections and metastasis were apparently 
limited to the lymph drainage areas in the lungs, peritracheal Bmiph 
nodes, peripancreatic tissue and Bnnph nodes. Repeated search of 
bone marrow material failed to disclose any cells suspicious of malig- 
nant characteristics. Though reported,^® hemobi:ic anemia due to 
malignancy is admittedly quite rare. Waugh’s^® cases showed extensive 
metastasis to the bones, either by Roentgen ray or direct examination. 
C. The \noIently acute onset of the clinical course, its rapid downhill 
progress, and the domination of the picture by the hemolytic anemia 
syndrome seem to be more in favor of sickling as the etiology. D. And 
finally, the moderate amount of splenic fibrosis found suggests one or 
more previous unrecognized episodes of mild hemolysis. Fragility to 
hypotonic saline was somewhat increased. This is more concordant 
with Waugh’s observations in 2 cases of malignancy with hemolytic 
anemia and with one similar case seen by the writers. Sickle-cell 
anemia, on the other hand, is usually associated with increased cell 
resistance. It should be noted, however, that increased fragility was 
found in 3 of the patient’s descendants who showed sicklemia. 



SICKLING TRAIT IN A WHITE ADULT 


167 


The endocardial lesions were described as focal fibrosis and calcifica- 
tion of the mitral valve (healed rheumatic valvulitis). No previous 
history suggestive of rheumatic fever had been obtained. Although 
the similarity between manifestations of acute crisis of sickle-cell 
anemia and rheumatic fever have been pointed out repeatedly, and the 
diagnosis of rheumatic fever has been made mistakenly many times, 
the literature contains only 1 case^^ of both diseases coexisting. Kline- 
felter,'^ writing recently, but probably before Walker and Murphy’s^® 
case was published, gives an excellent resume of the heart in sickle-cell 
anemia and stresses that “although the diagnosis of rheumatic heart 
disease has often been made in patients with sickle-cell anemia, it has 
not been confirmed at autopsy.” In our case, the lesion, unsuspected 
during life, was a chance postmortem observation. 

Though thrombocytopenia and hemorrhagic diathesis may occur in 
either sickle-cell anemia or metastatic carcinoma, its presence is noted 
again as unusual. 

The possibility of sickle-cell anemia in all cases of obscure hemolytic 
anemia regardless of race should be borne in mind. While rarer in 
whites than in negroes, this disease may be more common than sup- 
posed, and may be overlooked because it is not customary to examine 
wet-sealed blood preparations routinely. It should be noted that, 
through the cases reported and summarized here, additional blood 
relatives, unsuspectingly bearing the trait, have been revealed. Any 
of these may, in the future, become active cases. Undoubtedly, many 
others showing sicklemia would be found if wide-range examinations 
of ethnic groups other than negroes were done, especially among 
Mediterranean peoples. 

Parallelism between erj^throblastic anemia of Cooley and sickle-cell 
anemia has been pointed out by many. Both conditions are basically 
congenital defects of the red corpuscle occurring predominantly in 
Mediterranean peoples, and manifesting themselves as hemolytic 
anemia frequently associated with similar bone changes. 

Summary and Conclusions. 1. A case of sickle-cell anemia in a 
white person is reported and the literature summarized. The case is 
associated with metastatic carcinoma. 

2. Familial occurrence of the sickle-cell trait in offspring of the 
patient has been demonstrated. 

3. An associated rheumatic endocardial lesion was present; this has 
been reported only once before. 

4. The advanced age (54 years) for a first and fatal attack of hemo- 
lytic crisis is noted and the relationship to the coexisting malignancy 
discussed. 

5. The relatively frequent occurrence of sickle-cell anemia among 
people of southern Italian and Mediterranean descent is again noted. 

6. The need to consider the diagnosis of sickle-cell anemia in all cases 
of obscure hemolytic anemia is once more stressed. 

Wc 'wish to thank Prof. Linn J . Boyd of the Department of hledicine for permission to 
report this case and for his valuable aid. 
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It is well known that the speed with which the erythroc;^i:es in 
citrated or oxalated blood settle is retarded if the blood is allowed to 
stand for several hours before the test is set up. Koster* and Feldman' 
have reported the observation that this retardation is largely absent 
in the blood of patients with malignant tumors and Hodgkin’s disease, 
so that the sedimentation rate after storage remains near the initial 
rate. 

Koster- described 3 types of behavior in the blood from patients 
with cancer: 

‘‘Type L The rate of sedimentation remains at the same level 
throughout the 24 hours, or at any rate the decrease does not amount 
to more than 20% of the initial value. 

“Type IL The rate of sedimentation markedly increases above 
the initial value in the course of the estimations and docs not decrease 
to below the initial value. 

“Type III. After having risen to above the initial value the rate 
of sedimentation again decreases gradually, often to far below the 
initial value.’’ 
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Koster reported that the blood of 95% of 112 patients with cancer 
and of 100% of 14 cases of Hodgkin’s disease conformed to one of these 
3 types. He did not indicate the frequenc}'" with which each type 
occurred, nor did he report results on a definite number of patients 
with non-malignant conditions. 

Feldman did not mention Koster’s Type III in his report, and 
stressed maintenance of the initial sedimentation rate as an indication 
of cancer. Though he did not state a crucial decrease in the rate at 
which a line between positive and negative results could be drawn, he 
stated that maintenance of the initial rate occurred in 95% of 118 cases 
of malignant disease, and retardation occurred in 94% of 55 cases of 
non-malignant disease. 

If the work of Koster and of Feldman could be confirmed, an impor- 
tant easily performed test for cancer would be available. We have 
therefore determined the sedimentation rates of a number of patients 
in whom the presence or absence of malignant disease had definitely 
been established, immediately after the withdrawal of blood and after 
it had been stored, and have attempted to evaluate the comparative 
sedimentation rates as a test for malignant disease. 

Method. In the beginning of our work we attempted only to evaluate the 
comparison of initial rates with the rates after 24-hour storage as a test for 
cancer. Readings were made 1 hour after the tests were set up, and the sedi- 
mentation rate expressed in millimeters per hour. Sterile sodium citrate (3.8 %), 
in the proportion of 1 cc. to 4 cc. of blood, was used as the anticoagulant; the 
samples were stored in sterile rubber capped vials at room temperature, which 
in our laboratory was approximately 31° C. The method duplicates the one 
used by Feldman, with the exception that serial determinations after storage 
at various periods of time were not made. 

The test was recorded as positive if after 24-hour storage there was a decrease 
of less than 20 % of the initial sedimentation rate, and negative if the decrease 
was more than 20%. For the results of the test scatter diagrams were con- 
structed plotting the initial rate against the rate after storage, and statistical 
methods applied to the data if inspection of the diagrams suggested the indica- 
tion for such treatment. It was realized that by the method used bloods dis- 
playing behavior of Koster’s Type III would be missed. 

The first few tests revealed marked discrepancy between our results and 
those previously reported. Since temperature seemed to be the onb'’ variable 
in the method which could account for the discrepancy, successive variations 
were made in the temperature of the blood during its storage and during the 
detennination of the sedimentation rate. Altogether tests were run under the 
following sets of circumstances: (1) Rate determination and storage at room 
temperature, approximately 31° C. (2) Rate determination at room tempera- 
ture, storage at 10° C. (3) Rate determination and storage at 20° C. This 
duplicates the room temperature at which Koster’s tests were made. (4) Rate 
determination and storage at 10° C. 

Later serial determinations of the sedimentation rate over a 24-hour period 
were made, so as to observe the incidence of Koster’s Type III behawor. For 
these determinations the blood was stored and the rates determined at 10° C., 
since only at this temperature, as judged by the other tests, did there seem to 
be any difference between the behaAuor of bloods from patients with and 
Avithout cancer. The serial rates were plotted as curves. 

Results. 1. Rale Dcicrminafionand Siorage atSl° C. This method 
was used for 8 cases of cancer and 16 cases of non-malignant disease. 
The test was negative in all 24 cases (Fig. 1). A glance at Figure 1 
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reveals the fact that there was almost complete retardation of sedi- 
mentation in all cases. 

2. Rate Determination at Room Temperature, Storage at C. This 
method was used for 11 cases of cancer and 20 cases of non-malignant 
disease. The test was positive in 9 of the cancer cases, negative in 
1, and equivocal in L It was positive in 16 cases of non-malignant 
disease, negative in 3, and equivocal in 1 (Fig. 2). A glance at Figure 2 
shows that the initial rate tends to be maintained in all cases except 
those with very low initial rates, and that tliere is no difference between 
the behavior of blood from patients with malignant tumors and from 
patients with other diseases. 
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Fig. 1. — In this and in Figures 2, 3, and 4, "positive” tests lie above the diagonal line, 
and "negative” tests below it. 


3. Rate Determination and Storage at 20° C, This method was used 
in 13 cases of cancer and 12 cases of non-malignant disease. The test 
was positive in 5 cases of cancer and negative in S. It was positive in 
3 cases of non-malignant disease, negative in 8, and equivocal in 1 
(Fig. 3). In Figure 3 considerable scattering of the points is seen, 
indicating absence of the tendency for all tests to be negative, as in 
method 1, or positive, as in method 2, but there is no indication of 
difference in the behavior of bloods from patients with and without 
cancer. 

4. Rate Determination and Storage at 10° C. Tiiis method was used 
for 31 cases of cancer and 39 cases of non-malignant disease. It was 
positive in 20 cases of cancer, negative in 3, and equivocal in 2. It 
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was positive in 18 cases of non-malignant disease, negative in 17, and 
equivocal in 4 (Fig. 4). Statistical treatment of the data indicates 
that there is probably a significant difference between the mean per- 
centile decrease in the sedimentation rates of the patients with and 
without cancer. As a test for cancer, the method gave approximately 
85% correct, 10% false, and 5% doubtful results in the cancer cases; 
and 43% correct, 46% false, and 10% doubtful results in the non- 
cancer cases. 
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5. Serial Determinations, After 1, 2, S, Honrs. Rote 

Determination and Storage at 10^ C. This method was used in 33 cases, 
17 of cancer and 16 of non-malignant disease. In 5 of the cancer cases 
there was a definite increase in tlie sedimentation rate, amounting to 
3 mm. or more at one time or another, and in S others there was a 
slight increase, amounting to less than 3 mm. (Fig. 5). However, in 
all of tlmse 13 cases, the decrease in the rate after 24-hour storage was 
less than 20%, so that none fell into Koster's Type III. In 1 non-cancer 
case there was a definite increase, and in S a slight increase (Fig- 6)* 
In all of these cases the decrease after 24-hour .storage was Ie.ss than 
20%; they all therefore gave false positive reactions. 

Discussion and Summary. Our results demonstrate tliat retardation 
or maintenance of the initial sedimentation rate in stored blood is 
capricious, and depends in large part upon tlie temperature of the 
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Fig. 5.— Serial sedimentation rates — cancer cases. In this and in Figure 6, solid and 
broken lines are used so that individual curves may be followed easily. 



Time of 5loraj^ in hours 

Fig. G. — Serial sedimentation rates — non-cancer cases. 
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blood ^\’hen the rates are determined and at which it is stored. We 
were able to find only one set of temperature circumstances at which 
there was significantly less retardation of the mean sedimentation rate 
in cases of cancer than in nommalignant diseases. When blood was 
stored 24 hours at 10® C. and the rates determined with the blood at 
the same temperature, the rate remained within 20% of tlie initial 
rate in about 4 cancer cases out of 5, and decreased more than 20% 
in a little less than half of the cases of non-malignant disease. One 
would therefore expect that in an unknown case a positive test would 
indicate that the chances of cancer being present are about 2 out of 3, 
while a negative test would indicate that there is only 1 chance in 5 
that cancer is present. It is obvious that a negative test would give 
more information than a positive one, but that in either instance the 
test would be far from reliable. There is a strong probability, suggested 
principally by the high incidence of positive tests in persons without 
cancer, that maintenance of the initial rate is not related at all to the 
presence of cancer. The capriciousness of the test also suggests the 
possibility that the seemingly significant differences were due entirely 
to chance. This possibility is strengthened by the fact that the test is 
empirical, and cannot be correlated with any knovm differences between 
the blood cells or plasma of persons with and without cancer. 

Conclusions. By the methods which we used, maintenance of the 
initial sedimentation rate in blood stored for 24 hours was not a reliable 
criterion for the presence of malignant disease. 
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THE PROGNOSIS OF UNTREATED PATENT DUCTUS ARTERIOSUS 
AND THE RESULTS OF SURGICAL INTERVENTION 

A Clinical Series of 50 Cases and an Analysis of 
139 Operations 

By M. J. Shapiro, IM.D. 

AND 

Ancel Keys, Ph.D. 

MINNEAPOLIS, MINN. 

(From The Children’s Heart Hospital and Clinic, Minneapolis [formerly Eymanhurstl 
and the Laboratory* of Physiological Hygiene, University of Minnesota Medical Senoop 

Since tiic first successful ligation of a patent ductus arteriosus I>y 
Gross and Hubbard in 193S,^ we have been concerned with the proideni 
of recommending surgery for such patients. During years of ohsen a- 
tion of a group of patients with patent ductus arteriosus, wc were 
impressed with the apparent innocuousness of this lesion. Children 
observed through their entire school careers were able to carry on 
regular school activities with no restrictions and showed no evldcn^ 
of cardiac disability at any time. Young men with this lesion have 
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worked at hard labor with no symptoms of cardiac strain. Women 
have borne children with no signs of heart failure. Such observations 
do not arouse enthusiasm for surgical intervention and we felt it neces- 
sary to carry on further studies before recommending such radical 
treatment.- It seemed desirable to learn what could be expected in 
regard to longevity and cause of death in untreated cases of patent 
ductus arteriosus and to examine the record of surgerj^ to date. 

For these purposes three sets of data were.' assembled. Autopsy 
records on adults with patency of the ductus arteriosus were collected 
from the world literature and our own files; the analysis of these cases 
has been published elsewhere.^^ The" clinical histories of our own 
patients, many of whom were observ^ for years, provide very useful 
data. Finally, the generous aid of sifrgeons and internists throughout 
the United States and Canada has provided us with clinical and surgical 
records on the majority of all the patients who have so far been operated 
upon to ligate the open ductus. The present paper is a report on our 
own experiences and on the surgical results to date. 

Personal Observations. Recently we reported^® the clinical findings 
on 23 patients with patent ductus arteriosus. Most of them had been 
observed over a period of years. At that time none of these patients 
had died and none had developed subacute bacterial endarteritis or 
serious cardiac failure. This was a young group, the average age 
being 20.3 years. With one exception they were well developed 
physically but most of them showed enlargement of the pulmonary 
artery and the hilar vessels. In only 4 instances was there evidence 
of progressive cardiac enlargement. Three of the latter patients were 
operated upon. 

The first ligation in our series was attempted in a boy of 9 but the 
vessel ligated was probably not the ductus arteriosus. The physical 
signs were unchanged as a result of surgery and the boy’s status was 
neither improved nor impaired. The second patient, a young man of 
19, died as a result of rupture of the ductus at operation. The third 
operation, on a 10 year old girl, was a complete and impressive success. 
Since the last report our series of patients has increased to 51, 
partly by new patients, partly by the follow-up of patients who had 
not been seen for some years. Thirty-seven of these patients have 
been thoroughly studied by physiologic methods devised in our labora- 
tories.®““ Using criteria established elsewhere,®'’' at least 20 of these 
patients might have been subjected to surgery. We chose, however, 
to delay surgical intervention until we could complete our studies and 
have only sent 3 additional cases to surgery. Three of these operations 
were apparently entirely successful; the fourth was Case 4 cited below. 

The observations and experiences with these patients emphasize 
two features which point the opposing arguments about surgery. We 
shall illustrate by a few brief case notes: 

Case Studies. Case 1. A 58 year old male was admitted to the surgical 
^rwce of Dr. 0. H. Wangensteen with a diagnosis of carcinoma of the stomach. 
On physical examination eUdence of patent ductus arteriosus was found and 
this was confmned by careful physiologic studies. However, there was no 
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indication of cardiac disability in spite of the fact that the patient had done 
hard manual labor all his life. He was subjected to total gastrectomy and 
withstood this severe surgical procedure without signs of a subnormal cardiac 
reserve. He eventually died of non-cardiac complications and postmortem 
revealed an enlarged heart and an open ductus arteriosus. Figure 1 shows 
teleroentgenogram of the heart and Figure 2 is a drawing of the specimen. 



Fig. 3. — Case 2. Patent ductus arteriosus, with enlargement of the pulmonary artery 

age 10. 



Case 2. A 28 year old male was examined after he had been rejected for 
military sor%nce because of “heart disease.” We had examined him at the 
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age of 10 and had recorded then a diagnosis of patent ductus arteriosus \vith 
considerable enlargement of the pulmonarj" arterj^ (Fig. 3). In the intervening 
18 3 "ears he had felt himself to be perfect!}' welt and was able to cany on xary 
heaxy manual \york, including ser^dce in two C. C. C. camps. He had even 
passed an examination for life insurance. On reexamination the e\’idence for 
patency of the ductus was undeniable. His heart was slightly enlarged and 
there were still signs of enlargement of the pulmonarj' arterj' (Fig. 4). He was 
free from s 3 Tnptoms and complaints and was unusuaUj’' well developed and 
muscularl}’' powerful. 

Case 3. A woman of 30 was first informed that her heart was not nonnal 
when she was examined incidental!}’' to pregnancy. She exhibits all signs of 
t}’pical patency of the ductus arteriosus. She has never had any s}Tnptonis 
or cardiac complaints. She went through labor vdthout difficulty and in the 
2 years since her baby was born she has done hard work vdth no cardiac 
embarrassment. 

Obviously such observations do not indicate tlie necessit}' for surgery. 
Further argument for conservatism is suggested by the fact that 2 of 
our patients wdio have been followed for years liave recently shown 
evidence of spontaneous closure of the ductus and disappearance of 
all signs of any lesion. The details of these 2 remarkable cases will be 
presented elsewhere. We believe that spontaneous late closure is very 
rare but it cannot be excluded as a remote possibility in the prognosis 
of any individual case. 

On the other hand, our own recent experiences confirm the belief 
that a present status of good adjustment and freedom from cardiac 
disability in a patient with patency of the ductus arteriosus is no 
guarantee that subacute bacterial endarteritis may not intervene at 
any time or that cardiac failure may not eventually appear. Histories 
on 3 patients may be cited. 

Case 4. This 53 year old woman had always known that her heart was 
abnormal but had led a reasonably nonnal life without real cardiac disabilitv 
until 6 months before death. Slowly progressive fever and weakness continued 
after a cold^^ for several months before cardiologic consultation resulted in the 
diagnosis of patent ductus arteriosus and subacute bacterial endarteritis. Bv 
the time consent for surger}^ was obtained the woman was practically moribund 
and she died an anesthetic death on the operating table before surgery was 
started. Postmortem examination fully confirmed the diagnosis and revealed 
a patent ductus that would have pro\dded a minimum of operative difficulty 
for ligation had this been attempted before her final illness. 

Case 5. The diagnosis of patent ductus arteriosus was made in this IG yc.ar 
old girl when she was 7 years of age. She was subsequently carefully studied 

and w; ' ' ^ - i r - ^ candidate for ligation but her general freedom 

from { ■ ! ‘ ‘-I ! ■ ■ ’ made it appear that there was no iinmcdmte 

ncccssitv to insist on surgery in the face of parental unwillingness. A month 
before death she had apparently been in licr normal health when she suddenly 
complain ctl of dizziness, chills, and fever. She died in 4 weeks of subacute 
bacterial endarteritis with pulmonary infarcts, vegetations in the pnimonar}' 
artery and valve and a hca\y infection of Streptococcus viridnns, Wc were 
only apprised of these developments by the family physician after the p.aticnt 
expired. Our original diagnosis was confirmed at autopsy. ^ 

Case G. This 40 year old woman came in for consultation from her <dhce 
work with complaints of recently developed dyspnea and j)alpitation. 
had been told early in life that she had a cardiac disorder hut this had 
seriously inconvenienced her l)ofore. At examin.ation she was in wcil-marKc^^ 
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failure but no murmurs could be heard. She died in failure within 2 weeks. 
At autopsy the heart was found to be enlarged and there was a large patent 
ductus arteriosus with no other defects. 

Reports in the Literature, A study of the recent literature failed to 
give us data which could be used to predict w^hat could be expected 
in patients with patent ductus arteriosus who receive no treatment. 
We found it necessary, therefore, to review the entire medical literature 
and we have analyzed all the cases of patent ductus arteriosus in adults 
from which postmortem examinations have been reported. The details 
of this study are given elsewhere. 

Briefly, it may be stated that 80% of such patients eventually suc- 
cumb to their cardiac lesion. These patients who were alive at 17 years 
of age averaged 35 years of age at death. At least 40% of these 
patients died of subacute bacterial endarteritis and most of the re- 
mainder died of congestive cardiac failure. Spontaneous rupture of 
the pulmonary artery or the ductus occurred in a few cases. 

The age distribution of our own patients likewise indicates that the 
life expectancy of persons with untreated patency of the ductus arterio- 
sus is considerably shortened. It is true that the majority of our 
patients were found in a children’s clinic but we have made consider- 
able efforts to find adult cases with no great success. The average 
age of the entire series of 51 patients is less than 25 years and the 
oldest patient in the series died at 58. These data from the literature 
and our own series force a reconsideration of a conservative attitude 
toward what might seem radical surgery. 

The Surgical Record, From the current literature, but mostly 
through personal correspondence with individual surgeons and intern- 
ists, -we have obtained and analyzed the data on nearly all patients 
on wdiom ligation of the ductus has been attempted. The record is 
surely not complete but we are certain that it contains the great 
majority of operations done at the time of writing. 

One hundred and forty patients have been operated upon by a total 
of 25 surgical teams. Of these cases, 107 were uncomplicated, w’^hile 
operation was performed on 33 patients in the presence of subacute 
bacterial endarteritis. Seven of the patients were in our owm series. 

In the 107 uninfected cases, 81 operations w’^ere completely successful, 
that is, the murmur and thrill disappeared and the pulse pressure 
decreased. In a number of these successful cases, a distant short 
systolic murmur remained over the pulmonic area. It is our impres- 
sion that this murmur results from the persistent dilatation of the 
pulmonary artery and not from persistent patency of the duct. In 
14 instances, however, the continuous machinery murmur was not 
permanently obliterated after surgery. The murmur returned in from 
a few weeks to several months after operation. It is quite probable 
that in these 14 instances, there was a recanalization of the duct due to 
failure of tlie ligature material to hold. It is obvious that further 
research must be carried on in order to find the perfect ligature material 
and method of ligation. 

In 6 cases, death resulted from rupture of the duct at operation. 
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From recent studies, it is quite certain that this accident ^vill not occur 
as frequently in the future. Surgeons have already perfected their 
methods to avoid this complication. In 2 instances, subacute bacterial 
endarteritis developed after operation. This is rather disturbing but 
it is reasonable to assume that the rest of the patients w’ho have been 
operated upon and vrho have been followed over a period of months or 
years will probably not develop infection as result of the surgery. In 

1 case, death resulted from infection of the surgical wound followed by 
mediastinitis. In another case, that of a physician 39 years of age, a 
direct arteriovenous communication was found between the pulmonary 
artery and the aorta. Fortunately, the surgeon had the good judgment 
to terminate the operation without attempting ligation. Tlie patient 
is none the worse for his experience. A study of patent ductus arterio- 
sus in tlie adult reveals reports of a number of instances of arteriovenous 
fistulie too short to ligate. At present it is impossible to diagnose such 
a direct communication and there will be other instances when surgeons 
will meet with this inoperable situation. 

A vessel other than the ductus was ligated in 3 cases. In 1 instance 
the aorta was mistaken for the duct and, of course, ligation resulted in 
death. In another instance, a strand of fibrous tissue was mistaken 
for the duct and this patient also died as the result of the operation. 
The third case resulted in no harm to the patient. 

It is a remarkable fact that errors in diagnosis were made in only 

2 instances in the entire group of 140 patients. It is, therefore, appar- 
ent that the diagnosis of patent ductus arteriosus can be made with 
security. The old idea that it was hazardous to tie ofl‘ the duct because 
the patent ductus miglit be acting as a safety shunt for other congenital 
cardiac lesions need no longer be seriously considered. In those 
instances where the ductus does act as a safety shunt there are always 
complicating congenital developmental defects which should not be 
difficult to differentiate from the simple uncomplicated patent ductus 
arteriosus. Nine deaths have resulted from these 107 operative cases; 
a mortality rate of 8.5%. 

Of the 33 patients who were operated upon in the presence of sub- 
acute bacterial endarteritis, 20 resulted in apparent complete success; 
that is, the blood cultures became sterile and the patient's general 
condition improved markedly. Some of these patients have been 
followed only a period of months, not long enough to draw definite 
conclusions, but some have certainly been restored to coni{)leteIy nor- 
mal health. Five patients died on the operating table as tlie result 
of liernorrhage. In S instances, the fever persisted in spite of the liga- 
tion of the duct. Somewhat more than 50% api)arent success in a 
group of cases in which previously 100% mortality was to be expected 
can be considered an excellent result. 

Discussion. The data in this paper were asscmble<l in the hope that 
practical conclusions would emerge from their analysis. We believe 
that t^ertain C'onclusions are, in fact, dearly indicated and that some 
recDinmendations can now he made with cc^nfidence. Surgery i*- 
advisable in the great majority of patients with patent ductus arterio- 
sus with or without subacute bacterial endarteritis. In the latter f 
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surgery affords more than a forlorn hope. The uninfected patient 
cannot expect a normal life span without surgery and is liable to develop 
subacute bacterial endarteritis at any time in spite of present apparent 
well-being. 

The experience of Touroff and other surgeons operating in the pres- 
ence of subacute infection shows that ligation should be attempted 
immediately when the diagnosis is made. The continued presence of 
the infection renders the operation much more hazardous because of 
increasing edema and friability of the ductus and adjacent tissues. 
Moreover establishment of vegetations on the heart valves creates 
pockets of infection which may persist after the abnormal shunt of 
blood is stopped. In a number of cases ligation in these patients 
brought about temporary amelioration but persistent bacterial endo- 
carditis had already been established and the patients eventually 
succumbed. It seems certain that sulfa drugs, fever therapy and 
transfusions have only a delaying action at best. Trial of a course of 
such treatment before surgery is only to increase the risk of deIa 3 ^ 

Successful ligation of the uninfected duct will prevent congestive 
heart failure. However, it cannot be stated with certainty that the 
danger of subacute bacterial endarteritis is entirely removed by liga- 
tion. It is reasonable to hope at least that the liability to infection 
will not be increased by surgery. Definite conclusions must wait 
until these operated patients have been observed for years. In 2 cases 
subacute bacterial endarteritis developed after surgery. In 1 of these 
the duct had recanalized. Even without recanalization it must be 
admitted that the blind pouches in the aorta and pulmonary artery 
represent favorable sites for the development of infection in the same 
way that any cul-de-sac in an area of exceptional!}^ turbulent blood 
flow is a potential spot for infection. However, we can believe that 
the remaining pouches are less dangerous than the open ductus in 
this regard. For one thing, the persistently open ductus almost always 
leads to the development of atheromata and roughening of the wall of 
the pulmonary artery and thus creates a specially vulnerable region. 
Finally, if turbulence per se is favorable to infection then the ligated 
ductus is much safer; the extent of turbulence can be gauged roughly 
by the intensity of the murmur. 

The incidence of subacute bacterial endarteritis is small until the 
patients are in their teens and the highest incidence is in the third 
decade of life. It might be suggested therefore that there is slight 
danger in delaying surgery in very young children. This is not entirely 
true. The incidence of infection in young children is not entirely 
negligible and the difficulty of the surgery itself is increased with 
increasing age. Progressive enlargement of the pulmonary artery and 
possible relative shortening of the ductus tend to obscure and to reduce 
the safe field of operation. The rapidity of recovery of young children 
from the operation is astonishing. 

The diagnosis of patent ductus arteriosus can be made with great 
assurance. We have noted that in the entire series of 140 operations, 
only 2 diagnostic errors were made. In both of these the data collected 
by the internists were incompatible with the diagnosis. 
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Very rarely there may be a direct open communication between the 
ascending aorta and the pulmonary artery. Fraentzel,- Oberwinter,'^ 
and Girard^ have reported such cases. These would be indistinguish- 
able from a true patent ductus but would, of course, be inoperable. 
More frequently, but still only rarely, the ductus may be so short as to 
be inoperable; it may even be reduced to a hole between aorta and 
pulmonary artery at the normal ductus site. We must depend on the 
ability of the surgeon to recognize such a condition in the surgery and 
to retreat without pursuing a dangerous dissection. 

Table 1.— Summary of the Results of Surgical Intervention in Patients 
With Patent Ductus Arteriosus 


Total number surgeons 25 

Total number cases operated 140 

Number uninfected cases 107 

1. Completely successful SI 

2. Continuous murmur persists 14 

3. Rupture of duct at operation 6 

4. Operation follo'wed by subacute bacterial endarteritis . . 2 

5. Infection of wound and mediastinitis 1 

6. Found inoperable I 

7. Vessel ligated not ductus arteriosus 3 

8. Error in diagnosis 2 

9. Total number dead after operation .... 9 

Cases operated upon with subacute bacterial endarteritis , 33 

1* Completely successful 20 

2. Died at operation 5 

3. Fever persists after successful ligation S 


The low mortality rate indicated in Table 1 is gratifying and sur- 
prising in view of the serious nature of the operation. It is a tribute 
botli to the skill of the individual surgeons and to the development of 
thoracic surgery in recent years. It is necessary to emphasize, how- 
ever, that both skill and extensive experience in thoracic surgery arc 
required to undertake the operation. This is exemplified by the fact 
that two surgeons, Dr. Robert Gross, ^ of Boston, and Dr. John C. 
Jones," of Ivos Angeles, liave done more than half of all the ligations 
to date with mortality rates less than half tliat for the otlier surgeons 
who have devoted less attention to this particular operation. In 
general, we can expect that accurate diagnosis and skilled surgeons 
can guarantee ns a mortality of about 5% in uninfected cases. 

Summary and Conclusions. 1. Diagnosis of patent ductus arteriosus 
can be made with great certainty, and complications making surgical 
ligation inadvisable arc readily recognized. 

2. The great majority of patients witli this defect suffer no scrioiis 
disability or restriction of activity during most of their lives, init tlieir 
life expectation is greatly shortened by the continued presence of tfie 
defect. 

3. Experience to date sliows that ligation of the uninfected ductus 
can be made witli a mortality of less than 10%. 

4. Ligation of the ductus in tlie presence of subacute bacterial 
endarteritis ofTcrs an even chance of survival in the face of practicjilfy 
(Trtain death without ligation. 

5. The danger of development of stibncnte bacterial endartcritb 
after suct'cssful ligation cTinnot properly bo cstirnnicfl ns yet. 
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6- Six case histories are cited which illustrate opposing arguments 
for and against ligation. 

7. An analysis is presented of the results of 140 operations to ligate 
the ductus. 

8. It is concluded that the majority of patients with patency of the 
ductus arteriosus should be sent to surgery for ligation after careful 
clinical studies have been made on them. 

9. Ligation should be attempted immediately if subacute bacterial 
endarteritis develops. 

10. Ten patients with uninfected patent ductus arteriosus have been 
operated upon by Dr. 0. N. Wangensteen at the University of Minnesota 
Hospital, the last 8 cases with complete success. As far as is known, 
in none of them has there been a recurrence of signs indicating recanal- 
ization. 
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Patients with anxiety frequently come to the physician complaining 
of dyspnea, giddiness, fainting and coldness of the e-xtremities. The 
physician usually recognizes that no organic disease is present, but he 
is unable to explain to the patient the manner in which anxiety has 
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produced the symptoms. In recent years the physiologists have called 
attention to various mechanisms by which afferent stimuli arising 
from the emotional content of thought or from various sensory nerves 
can produce changes in function. The clinician has gradually realized 
that reflex disturbance in function is the physiologic basis of many of 
the symptoms of which his psychoneurotic patients complain. It is 
well known that sensory stimuli can cause abdominal pain by reflex 
contraction of the stomach or colon. Studies on the carotid sinus 
reflex have demonstrated tliat sensory stimuli can cause symptoms by 
cardiac standstill or marked lowering of the arterial pressure. The 
purpose of this paper is to point out how afferent stimuli arising from 
the emotional content of thought or from sensory nerves may a fleet 
tlie respiration and thereby produce clinical symptoms. 

Normal respiration is controlled by both nervous and chemical 
factors. Altliougli in the past many taxtbooks have stressed tlie 
importance of the chemical factors, it is now recognized that many 
of the variations in breathing occurring in everyday life are due to 
reflex stimuli.- The afferent impulses arise from moving muscles, 
various viscera, eyes and ears, any sensory nerve ending, and particu- 
larly from the emotional content of thought. The lay public has long 
realized that emotions influence the respiration. The breath is held 
during a moment of suspense, and the respiratory rate is increased 
with sexual excitement, Finesingeri has studied the effects of pleasant 
and unpleasant thoughts on the respiration and has demonstrated this 
typQ of respiratory control in the laboratory. 

When an indunduars respiration is increased by sensory or emo- 
tional stimuli, he may complain either of dyspnea or of certain other 
symptoms, such as giddiness, light-headedness or fainting, which are 
secondary to the disturbance in cerebral metabolism brought on by the 
overbreathing. When the respiration is increased by a reflex mechan- 
ism without a corresponding rise in cerebral metabolism, the carbon 
dioxide content of the alveolar air is diminished and, because of tbe 
rapid diflusibility of that gas, a rapid loss of carbon dioxide from the 
body occurs. Tliis results in alkalosis, and associated with this there 
is an alteration in cerebral metabolism caused either by the increased 
alkalinity of tlie arterial blood or indirectly by decreased cerebral blood 
flow. The disturbance in cerebral metabolism is shown !)y the devel- 
opment of cerebral symptoms and by the appearance of l)izarre waves 
in the electroenccplmlogram,^ The rise in pulmonary ventilation 
secondary to exercise docs not produce alkalosis because the increased 
loss of carbon dioxide tlirough the lungs is balanced by the increased 
productioTi of carbon dioxide and organic acids as a result of the 
increased metaholism. 

The ease with whicli aTchra! snnptorns arc [)reci{)itatefl by volun- 
tary hyperventilation and the order in which they occur are subject 
to amsiderable variation.-** They have been described as a 
feeling of Iight-heade<liu*ss. unsteadiness, faintne^ss, or a far-away 
feelinir. This sensation is followed by numlmes*^ and linchntr of the 
tongue, mouth and extreinitit^;. The hands bi-aune etbl and pah* 
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and a tremor may appear. If the subject is standing, syncope may 
occur. Tetany occurs as a late symptom with tightness of the mus- 
cles, increased reflex irritability, and Anally carpopedal spasm. The 
Chvostek sign may become positive. The mental reactions of the 
subjects vary tremendously; some have almost no change, others maj'^ 
become excited, weep and complain bitterly of the symptoms produced, 
and may have difiiculty in stopping the procedure. On rare occasions 
rebreathing into a paper bag may be necessary to stop the hyper- 
ventilation. 

When a normal subject hyperventilates voluntarily, he recognizes 
the cause of his symptoms and is not alarmed; but the patient who 
hyperventilates unknowingly develops the symptoms without apparent 
cause and he, as well as his physician, may fear that they indicate 
the presence of serious organic disease. The sjrmptoms of which the 
patient complains may be attributed to overbreathing if they are 
produced by forced respiration and if they disappear on holding the 
breath. The initial symptoms appear with equal ease in the normal 
subject and in the patient. The significant fact is that the symptoms 
which bring the patient to the physician can be faithfully reproduced 
in the patient by the forced breathing. 

In the last 3 years it has been our custom to determine the effects 
of hyperventilation in patients who (1) complain of light-headedness, 
giddiness, far-away feeling, feeling of unreality, numbness of face, 
mouth and hands, carpopedal spasm, and fainting; (2) complain of 
dyspnea in the absence of demonstrable signs of congestive failure. 
The patients studied complained of the same symptoms which occurred 
in normal control subjects during forced breathing. 

To test the response to hyperventilation the patient is instructed 
to breathe deeply and rapidly. Frequently it is advisable for the 
physician to demonstrate what is desired, and during the test the 
patient must be encouraged repeatedly to continue breathing vigor- 
ously and not relax his efforts. If the problem is one of fainting, 
the test should be carried out in the upright position, for it is only 
rarely that loss of consciousness develops in the recumbent position. 
In the majority of instances a 2 or 3 minute period of vigorous hyper- 
ventilation is sufficient. The physician observes the objective effects 
while the patient is breathing deeply, and when he feels that there has 
been adequate hyperventilation he questions the patient about his 
symptoms. 

Cerebral Effects of Hjrperventilation. The history of patients who 
faint from hyperventilation is fairly characteristic. They frequently 
feel light-headed and giddy when lying down and notice numbness of 
the face and extremities. They think they are going to lose conscious- 
ness but rarely do so. The occurrence of symptoms when the patient 
is in the recumbent position rules out postural hypotension as the cause 
of the fainting. When sitting and standing they have many of these 
abortive attacks which, from time to time, are followed by the loss of 
consciousness. Syncope results from the combination of the decrease 
in cerebral blood flow produced by pooling of blood in the lower e.xtremi- 
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ties and the disturbance in cerebral metabolism caused by the alkalosis. 
In the last 3 years 20 patients with this syndrome have been observed 
by us. The following case history is illustrative of this group. 

Case StU(Kes. Case l. An 18-year old student nurse was admitted to 
Grad}" Hospital because of repeated attacks of sjmeope. In the past she had 
fainted occasionally, but never often enough to cause her any concern. Re- 
cently, however, syncope had occurred so frequently that she was afraid of 
being dismissed from training school. The loss of consciousness occurred only 
when she was sitting or standing, never when she was lying down. Before 
losing consciousness the patient felt hghtr-headed and, as she described it, had 
a far-away feeling. Her hands and feet were cold, and there was a tingling 
sensation about her mouth, do\yn the arms, and down the inner surfaces of her 
thighs. Frequently the prodromal symptoms were not followed hy SA'nco})e. 
They occurred regardless of whether the patient was standing or lying down, 
although sjmeope did not occur when the patient was recumbent. Conscious- 
ness returned quickly after the patient fell to the floor. Recover}' was com- 
plete within a few minutes, and the patient would return to \vork immediately 
thereafter. There \Yas no histoiy' of biting the tongue or of incontinence of 
urine or feces. The patient had always been healthy. She performed her 
w'ork with ease and participated in sports without difficulty. The routine 
physical examination and laboratory' findings were normal. 

Pressure on either carotid sinus did not cause faintness or marked change in 
pulse rate, indicating that carotid sinus irritability w’as not responsible for her 
fainting. On standing motionless for several minutes the pulse rate increased 
normally and there was only a slight narrow'ing of the pulse pressure, ruling 
out the possibility of postural In'potension. The patient was then instructed 
to sit upright in a chair and breathe as deeply as possible. After a few breaths 
she complained of giddiness, blurred vision, numbness and tingling of the arms 
and legs, and then became unconscious. The heart rate was rapid but the 
pulse pressure remained unchanged. The hands and feci w'ere cold. The 
patient w’as placed in the horizontal position and after a few seconds of apnea, 
consciousness was recovered. The patient stated that this fainting attack 
w'as exactly like the ones which she had suffered jircriously. rh'pervcntilation 
w*as then carried out in the recumbent position. Giddiness, feeling of unreality, 
numbness and tingling of the face, arms and legs and coldness of tlic hands and 
feet resulted, but the patient did not lose consciousness. 

Case Comment. This patient was an anxious young woman who 
responded to a variety of stimuli with a reflex increase in respiratory 
rate. The overbreathing caused alkalosis and produced a giddy, 
uncertain feeling. This sensation friglitcncd her and caused furtlier 
increase in pulmonary ventilation with tlie accentuation of the cerebral 
symptoms. Numbness and tingling developed around the face and 
in the extremities, causing still greater anxiety. If the patient was 
recumbent, the disturbance in cerebral metabolism caused by the 
alkalosis did not become severe enough to cause loss of consciousnivs. 
The fainting episodes cnibarrassc<l the patient. Every time that she 
felt slightly giddy, she immediately hectiinc afraid that she would 
faint. This caused more overhreatliing and at times 5 \ 7 ]ct>pc. 

'Fhe ineehanisin of the attacks of syncx>pe was explained to the 
patient. She w’as told that because of her own biologic makeup and 
personality stnieture a variety of stimuli W7)uld continue to ('au-e a 
reflex inereiise in pulmonary ventilation and that when this ocetwre^l 
she w'ould experience the sensations of giddine*ss and liglit-lu’adednes^. 
Slie was told that these seiisations wx*re a normal resjKtn.-e to over- 
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breathing, were physiologic rather than pathologic, and would disap- 
pear if she held her breath. The patient has had no further difficulty. 
She interprets correctly the cerebral symptoms of overbreathing so 
that they no longer cause anxiety and the vicious cycle has been broken. 

Though the emotional control of thought is the most common 
stimulus for overbreathing, sensory impulses from any part of the body 
may be responsible for the hj^ierventilation. In the following case 
history afferent stimuli from the bladder produced the overbreathing. 

Case 2. An elderly colored man with a moderate degree of hypertension, 
but no signs of cardiac decompensation, was admitted to the Peter_ Bent 
Brigham Hospital because of a chronic urethral stricture and an irritable, 
infected bladder. Bladder drainage was accomplished by an inlying urethral 
catheter. Later in the day the patient began to breathe deeply, and shortly 
afterward became unconscious. At first it was thought that he had developed 
cardiac asthma, but examination failed to reveal evidence of cardiac decom- 
pensation. Then it was noted that the tube leading from the catheter was 
twisted, causing the flow of urine to become obstructed. As soon as the 
bladder was emptied, the respiration became much quieter and the patient 
regained consciousness. Similar episodes occurred several times during his 
hospitalization. 

Case Comment. These 2 patients are similar in that their symptoms 
were the result of hyperventilation. They demonstrate that the 
increased respiratory rate may be due to a variety of causes, and the 
presenting symptoms may be any of the symptoms of overbreathing. 

Hyperventilation With Dyspnea. Certain patients with an adequate 
circulation come to the physician complaining primarily of dyspnea. 
This may be present at rest, on slight exertion or on awakening at 
night. A carefully taken history frequently reveals that the dyspnea 
is accompanied by other manifestations of hyperventilation such as 
dizziness, giddiness, light-headedness, numbness of hands and feet, 
coldness of the extremities and drawing of the hands. During the 
last 3 years we have observed 15 patients in whom the dyspnea of 
anxiety was mistaken for the dyspnea of congestive failure. These 
patients had no evidence of circulatory insufficiency and their symp- 
toms could be reproduced by a short period of hyperventilation. 
Some of these patients had no signs of any organic disease; others had 
hj'pertension or rheumatic heart disease wdth no evidence of cardiac 
decompensation. The following case history is typical of this group. 

Case 3. — A 44-year old housevafe complained of dj’^spnea on exertion and 
of paroxj^smal nocturnal dyspnea of 4 years duration. She had been told 
that she had an elevated blood pressure and albuminuria. On man 3 ’’ occa- 
sions the attacks of nocturnal dyspnea had been severe enough to require the 
administration of morphine. The patient had a difiicult home situation and 
had been to a number of doctors in the last few years because of headache and 
neurodermatitis. The arterial pressure was 160/110 mm. Hg. Otherwise 
the physical examination was negative. The urine contained 2-|- albumin. 
The phenolsulfonphthalein excretion was within normal limits. Roentgeno- 
graphic examination showed that the heart was at the upper limits of normal 
m size with a prominent left ventricle. The lungs were clear, and there was no 
edema. The ^dtal capacity was normal. 

The patient was given digitalis and told to return in 1 week. She knew that 
digitalis was prescribed for heart disease and that she had conwnced her doctor 
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that she had heart disease. During the next day the patient became progress 
sivel}' more d3'spneic. Late that afternoon she was admitted to the Peter 
Bent Brigham Hospital. The patient was breathing deepl}’ and rapidh*, tl)c 
hands were cold and there was bilateral carpopedal spasm. She complained of 
numbness of the face and extremities. After rebreathing into a paper bag 
for a few minutes, the patient became quiet and the dj^spnea disappeared. 
Further questioning revealed that the patient had had repeated attacks of 
dizziness and light-headedness during the preceding 4 j^ears. The attacks of 
nocturnal dj’spnea were all accompanied hy cold hands and feet, light-headed-, 
ness and numbness of the face and extremities. It now seemed clear that she 
had never had my symptoms of heart failure, but that all her sjnnptoms could 
be attributed to reflex l^per ventilation. 

The mechanism hy which anxiety caused an increase in respirator\* rate 
was e.xplained to the patient. She accepted the fact that she did not have 
heart disease, but later her anxiety expressed itself as globus l^stericus and 
pain in the abdomen. 

Comment. These experiences stimulated our interest in patients 
with apparently compensated heart disease who complained of dysp- 
nea. Patients with mitral stenosis without anj" objective sign of 
congestive failure were examined. These subjects had normal vital 
capacities, but had complained of d\^spnea for \Tar5. In some of these 
subjects voluntary- h^’perventilation produced a typical anxictv panic. 
Thej" interpreted the feeling of light-hcadedness and numbness in the 
face and extremities as s\’mptoras of heart disease. Questioning 
revealed that the d^'spnea of which the^y liad complained was accom- 
panied hy cold hands and feet, light-headedness, and numbness and 
tingling. Exercise tests showed that these patients were no more 
dyspnnic on exertion than normal subjects. 

It gradually became clear that the diagnosis of cardiac disease cvokcil 
some anxiety" in evcr\' patient. If this anxiety" caused overl)rcntlnng. 
the patient invariably' interpreted the resulting s\'mptoms as an indi- 
cation of cardiac failure. It is helpful if the patient realizes that 
many things other than heart failure or cerebral disease can cause the 
sensations of unreality', giddiness, and dy'spnca. This is accomplished 
by' having every patient with compensated heart disease overbreatho 
(luring the ccnirsc of the physical examination. Tlic patient is then 
questioned abont his symptoms and his interpretation of them, '^rhe 
underlying physiologic mechanism producing the symptoms is then 
explained. 

At least two different mechanisms appear to he operative in the 
dyspnea of anxiety'. In the first ty'pc described here tliere is a marked 
increase in pulmonary ventilation. Tins increase in respiratory' rate 
may result solely from emotional stimuli, or it may be an e.xnggenited 
response to some son^atie .stimulus, such as walking slowly', which 
would normally' cause only' n sligl)t increase in pulmonary' ventilatimn 
In the sect)nd type, not discussed in tliis paper, tlie patient is con- 
seions of the effort in breathing at He may com})lnin (ff hreatli- 

lessness even wlien there is little actual change in pulmonary ven- 
tilation. 

Hyqierventilation is of iinportancc in other e-ondition-^. h\ many 
patients witli epilepsy, petit mat attacks cun hf‘ preeij)itatcd hy over- 
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breathing.^ Grand mal attacks are not produced in this manner. 
Various authors have pointed out that many of the sj^mptoms of neuro- 
circulatory asthenia are caused by hyperventilation.^ Probably 
the hyperventilation is a sign of the underlying psychoneurosis and 
therefore it is the result rather than the cause. Recent studies have 
suggested the importance of hyperventilation in aviation medicine.^®-^^ 

The average physician pays little attention to the ph 5 '’siologic 
mechanisms underlying the complaints of his psychoneurotic patients. 
The symptoms are real to the patient, but they frequently remain 
vague and indefinite to the doctor. Clinical observation and studj' 
of the physiologic changes underlying these sjnnptoms will be of benefit 
to both patient and physician. 

Summary and Conclusions, 1, Respiration is controlled by both, 
reflex and chemical mechanisms. The variations in respiration which 
occur during our daily routine of living are caused chiefly by reflex 
phenomena. Afferent stimuli from any organ in the body or from 
the emotional content of thought may cause the pulmonary ventila- 
tion to be increased beyond the level required by the metabolism of 
the body. This reflex increase in respiration furnishes the physiologic 
basis for many of the symptoms of the psychoneurotic patieiit. The 
patient may be conscious of the hyperventilation itself and complain 
primarily of dyspnea, or he may complain of any of the resultant 
symptoms, not being aware of the increased pulmonary ventilation. 

2. Voluntary hyperventilation in normal subjects produces a dis- 
turbance in cerebral metabolism with variable symptoms. Usually 
faintness, giddiness or some similar complaint, is followed by numbness 
and tingling about the mouth and extremities; the hands become cold, 
and if the patient is standing he may faint. Prolonged hyperventila- 
tion may produce signs and s^maptoms of tetany, 

3. Any of the cerebral symptoms produced by voluntary hyperventi- 
lation may appear in the anxious patient who unknowingly hyper- 
ventilates. Production of these symptoms by voluntary overbreath- 
ing is not only of diagnostic aid, but is useful in demonstrating to the 
patient that his symptoms have a physiologic rather than a pathologic 
basis. 

4. At times the hyperventilation itself may be noted by the patient 
and may appear as a symptom, particularly in patients with cardiac 
disease without congestive failure or in patients who fear cardiac 
disease. Associated with this breathlessness there may be other sjonp- 
toms of hyperventilation. 

5. Observation of the effects of voluntary hyperventilation should 
be a routine procedure in the examination of: (1) patients complaining 
of fainting, giddiness, or a far-away feeling; and (2) patients with 
breathlessness, particularly those with cardiac disease without evidence 
of congestive failure. 
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A MODIFIED CHRISTIE METHOD FOR RESIDUAL AIR 
MEASUREMENTS 

By R. a. Izzo 

AND 

H. CmoDi* 

CENTRO DE INVESTIGACIONES TISIOlGgICAS, BUENOS AIRES, ARGENTINA 

A METHOD for the measurements of the functional residual air, based 
on the dilution of the nitrogen in the lung was described by Christie* 
in 1932 (review of literature). A spirometer filled with oxygen was 
attached to the test subject. The carbon dioxide was removed with 
soda lime, and the suiiject rcbreatiicd in tiic circuit until nitrogen 
oquiliiwium was reached througiiout the lung-spirometer system. The 
functional residual air was calculated from the composition of the gas 
in the spirometer. It was assumed that after 5 or 7 minutes of quiet 
breathing, gas equilibrium was complete in lungs and spirometer, 
except for a slightly greater concentration of nitrogen in the lung.s. 
This excess was assumed to be the same as that occurring during the 
breathing of room air. A correction for the nitrogen c.xcrction in the 
lungs was made. 

Lassen, Cournand and Richards” found a lower concentration of 
nitrogen in the lunp than in the spirometer at the end of the rebreath- 
ing x>criod. They called this effect “oxygen storage” and attributed 
it to the decreasing volume of gas in the spirometer due to oxygen 
consumption. They corrected the oxygen storage effect by introduc- 
ing the alveolar nitrogen concentration in the calculation of the 
residual air. 

Ilerrald and McMlchacl''’ proposed to keep the spirometer volume 
constant with a ctmtinuous oxygen flow during the rehreathing period, 
in order to avoid the oxygen storage effect. 

Anthony,* using the hydrogen dilution method, found no storage 
effect, provided that the spirometer volume was at least .3 times larger 
than the e.xpecte<l residual air. It shouhl he noted that he used a 
spirometer cquippefl with a powerful blower. 

• 4VUo'?r in LAUirntrity* a* narvjti’*! Iff' 
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Keltreider et al}'^ found that the alveolar percentage of nitrogen was 
higher than in the spirometer. However, the difPerence was less than 
than between alveolar nitrogen, before the rebreathing period, and 
atmospheric air. 

Cournand ei aU presented the results of functional residual air 
measurements using the original Christie method, the Lassen et al. 
modification, the constant volume technique of Herrald and McMichael 
and the increasing lung nitrogen method. The results gave agree- 
ment by all methods in 4 normal subjects only, 3 of whom had small 
residual air volume. In the 2 other normal subjects there were wide 
discrepancies between the results with different methods. Keeping 
the spirometer volume constant did not correct the discrepancies. 
They consider the data presented as a positive evidence of unequal 
gas distribution within the lungs. 

Darling et al.^ and Cournand et al.^ used a new open circuit method 
to avoid the inadequacy of the closed circuit method. The reasons of 
such inadequacy would be: (1) the changing composition of inspira- 
tory gas mixture, due to reduction of the spirometer gas volume as 
oxygen is absorbed; (2) difficulties in the exact calculation of the 
oxygen absorbed in some subjects; (3) magnification of any error in 
the final residual air value due to the small net change in lung nitrogen 
concentration, usually no more than 0.3 of an atmosphere. 

In the open circuit method the subject is allowed to breathe oxygen 
for a period of time sufficient to wash practically all the nitrogen out 
of the lungs. For this period all the expired gases are collected, 
measured, and analyzed. Alveolar samples are taken before and at 
the end of the test. Cournand et al.,’’ from 158 determinations of the 
lung nitrogen concentration during room air breathing, concluded that 
an assumed value of 81 % of nitrogen in the lungs before the rebreath- 
ing period can be used without introducing a significant error in the 
final calculation, thus avoiding one of the alveolar samples. 

Meneely and Kaltreider^® found that with the original Christie 
method the average values of residual air were 292 cc., and with the 
Lassen et al. modification, 202 cc. higher than with tlie helium method. 

Another factor which introduces errors in the residual air measure- 
ments is the nitrogen excreted in the lungs during the rebreathing 
period. Darling et o?.® found that the nitrogen excreted in 7 minutes 
of breathing pure oxygen averaged 220 cc. in 4 normal subjects, 
figures which are similar to those obtained by Campbell and Hill.^ 

Cournand, Yarmush and Riley studied the nitrogen excretion on 
30 subjects, during 7 minutes of oxygen breathing. From it they cal- 
culated a regression formula for nitrogen excretion. 

From this brief review it is clear that the modification introduced 
into the Christie method makes it more laborious, without correcting 
completely the discrepancies with the otlier methods. 

The open circuit method, being from a theoretical point of view the 
best, offers in practice some disadvantages, such as the lack of a graphic 
record of the expiratory level, and the necessity for extreme accuracy 
in the nitrogen analysis. 
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We have endeavored to combine in the Christie procedure tlie 
advantage of a large change in the net nitrogen concentration of the 
alveolar air with that of having a graphic record of the starting expira- 
tory level of the subject, thus making it an exact and simpler procedure 
for routine measurements. 



Fio. 1. — Modified KnippiriK apparatus, /i, Blower; soda lime container. 


Procedure. The apparatus^ used was a modified Knipj)iiig^- spirometer of 
T) liters capacity (Fig. 1). The blower was immersed in an oil bath for gas 
tight nc.'^s. The connecting tubes were metallic, and on tlic ins])iratoo' i'hJe 
there was a soda lime container for carbon dioxide absorj)tion. A double set 
of 3-way stopcocks pennitted alveolar air sam])Iing, before and at the end of 
the rebreatbing period. The dead space of the sjnromctcr was 2S05 cc., which 
made the total capacity of the circuit about S liters. 

The procedure for a detennination of functional residual air was as fr)llows: 
Witli tlie blower motor on, the circuit dead Sfiacc was washed out 10 times 
with pure oxygen (nitrogen impurities must be known). Ox>'gen was then 
added, usually about 5000 cc. to fill the spirometer l^cll. The sui)ject, under 
ba-al condition.s, was made to breathe through a moiithi)iece, and an alveolar 
sample was taken. After 2 or 3 minutes tlic moutfii>iecc was eonneot^J (o 
the spirometer at the end of a nonnal expiration ana a 7 minutes ivTiod of 
re! wreathing was allowed; at the end of it, another alvefilar sample was taken. 
The spirometer atvd aU^eoIar samples were analyzed in a S^heplierd appa- 
ratU'i. DujiHcates eheekf^j witliin C’arhou dioxide content of alve- 

olar sjvximen< wa^ use 1 to detect dilution with dead space gas. 

Alt volume mea'^urem^mts were marie from t!p» tracing-^. The volume of 
arld»^l oxx'gen wa" rc^conled at the time it wa<-' nm in. tlie oxx-gen con-uml • 
tiou w:v.s inea-un'si from the s!o|k* of tlie trarinc. The initial volume tninn* 
oxvgen t'f):! sumption £*< 111 :^ 1 ' t!ie final spirometer Vf;!aine to v.hich tiie thwd 
sjKKV volume va- adih-il. If tempK-rature corn-etion- v.rre made. 
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Calculations were made following the original Christie formula (1) and the 
Lassen et al. modification (2). 


Vp(Spir.p) — Va(Spir.a) — N 2 excretion 
0/791 - Spir.p 


( 1 ) 


F.R.A. 

Vp 

va 

Spir.p 

Spir.a 

Alv.a \ 
Alv.p / 


F.R.A. 


Vp (Spir.p) ~ Va(Spir.a) — N 2 excretion 
alv.a — alv.p 


( 2 ) 


= functional residual air in cc. 

= final spirometer volume plus dead space. 

= initial spirometer volume plus dead space. 

= final spirometer nitrogen expressed as part of an atmosphere. 

= initial spirometer nitrogen expressed in same units (due to impurities in 
oxygen) . 


5 = alveolar nitrogen content in same units. 


Nitrogen excretion was calculated by the regression formula given by Cour- 
nand et al. for 7 minutes of pure oxygen breathing. 


Nitrogen excretion (cc.) = 96.5 body surf, area (sq.m.) + 35 

It was assumed that the nitrogen excretion is proportional to the fall of the 
gas pressure and that 0.8 of an atmosphere is the change occurring after 
7 minutes of oxj'^gen breathing (Darling et al.^). 

The volume of the mouthpiece dead space, 20 cc., was subtracted from 
the final result. Functional residual air thus obtained may need a correction 
if the rebreathing period did not begin at the exact end of a normal expiration. 
Such a correction was determined from examination of the tracing. 

Duplicate measurements were made the same morning with a 45 minutes’ 
interval. 

Results were corrected to 37° C., and saturation with water vapor. 

When measurements with original Christie procedure were made, the appa- 
ratus was washed out with room air, and the spirometer bell only was filed 
with pure oxygen. 

McMichael technique was used for hydrogen measurements. The gas sam- 
ples were analyzed by duplicates in a Shepherd combustion apparatus with 
an accuracy of 0.10 cc. %. 


Results. Subjects Avere 3 normal males and 14 females with different 
types of pulmonary lesions without emphysema. Physical character- 
istics of the subjects are presented in Table 1. 


Table 1.— Physical Chakacteristics op Patients and Normal 
Subjects Studied 


Patient 

Sex 

Age (yrs.) 

Stature (m.) 

Body surf, 
area (sq. m. 

A. B 

. M 

42 

1 795 

2.09 

R. C 

. M 

23 

1.81 

1.94 

A. F 

. M 

47 

1.G8 

1 87 

A. S 

. F 

48 

1.50 

1.42 

D. S 

. F 

39 

1.58 

1.67 

I. G 

F 

28 

1.52 

1.28 

M. B 

. F 

43 

1.525 

1.26 

M. S 

. F 

39 

1.55 

1.62 

c. s 

. F 

IG 

1.62 

1.60 

C. P 

. F 

24 

1.56 

1.59 

D. M 

. F 

28 

1.545 

1.48 

C. S 

. F 

IG 

1.62 

1.60 

L. R 

. F 

30 

1.635 

1.77 

C. C 

, F 

28 

1.50 

1.54 

D, F 

. F 

22 

1 .575 

1 5S 

R. G 

F 

28 

1 .575 

1 43 

M. G 

. F 

35 

1 52 

1 56 
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Tables 2 and 3 present in some detail our experimental results. The 
difference between figures in Columns 3 and 4, giving a measure of the 
oxj'gen storage effect are small and negligible in all cases by the 
authors’ technique. It is probably from the trends in our data that 
with larger volumes of residual air this effect would become significant; 
it is likewise probable that in the original Christie technique the effect 
would appear with smaller residual air volumes. 

Table 2.— Fenctional Residual Ain of Pulmonary Tuberculous Patif.nts, 

'U'lTHouT Emphysema 



Column: 

1 

o 

3 

4 

5 

6 

7 

S 






Lassen 




Maximal 



Alveolar 

Spirometer 

Christie 

€t al. 



Difference 

diOerenrr 



ni tropic n 

nitrogen 

calcu- 

calcu- 

Hydrogen 

3 minus 4 

beltvccn 

on same 


Date 

at the end 

at the end 

lation 

lation 

method 

in % of 4 

duplicatest 

subject! 

Subject 

1042 

1%) 

(%) 

(cc.) 

(cc.) 

(cc.) 



(fc) 

|H|| 

3/13 M 

1G.90 

15.41 

1342 

... 



0.8 


mu 

3/18 

17. IG 

15.34 

1353 





1.2 

D. S. 

3/lG 

18.35 

17. 3G 








3/17 

17.37 

15.83 




... 

... 


7.8 


3.'20 

.57 

36.48 







I.G. 

3/10 M 

17.34 

15.11 

iRRS 




3.4 

4.9 


3/U 

1G.74 

15.15 

1235 






M. B. 

3/5 


14. OG 

lOOG 







3/lG 

15.80 

14. OG 

1078 





3.5 


3/25 M 

13. 1C 

13.03 

1106 

1073 


-2.7 

i.5 


M. S. 

3/30 

11.30 

10.81 

■RH 

731 

... 1 

-1.5 

1 



1/4 M 

16.94 

10. C2 


698 


-1.0 

1.0 1 

5.7 

C. s. 

4/15 M 

1G.56 

15.65 

BRifH 

1191 


-1.7 

1,1 

5.1 


4/17 M 

15.85 

14.63 


1121 


-3.1 

0.8 


C. P. 

4f27 M 

15.53 

14.93 

1140 

1109 ) 


-3.4 , 

7.5 



4/20 

1G.72 

15.32 

lies 

1130 j 


-3.4 ' 

. * 

8.2 


5/6 M 

iS.iO 

47.01 

1433 

1^9? ! 






5/S 

40. i5 

44.5.5 

1404 

JSSS ! 






5/8 

15. IS 

14. 8S 

1098 

IOCS 1 

... ' 

-2.8 



D. M. 

4/22 M 

19.27 

I8.3S 

1435 

143G , 


-0..5 

2.1 



} 4r24 1 

1 18.53 i 

; 1G.70 

1281 

1310 . 


-2.4 

. . 

I4.fi 


: 5'4 1 

i 18.89 1 

17.30 i 

1459 

1457 


-0.1 . 




! 5/4 1 

1 49.47 1 

1 47.35 i 

IS SC 

1^54 





C. s. 

! 5 '20 


14.14* i 


1 

tM9 

t 




520 

13.94 i 

12.8-5 ! 

903 

9 1*5 


•fl.3 ' 




G'l < 

: 14. 3S ; 

12. 9S 

956 

949 > 


-0.7 




f C/1 J 

45,2>‘ ( 

44. 4J ! 

1175 i 

1140 


' 



U D, 

C/K M 

IS. 17 j 

16,15 * 

1303 

1303 ; 


-o.s 

1.9 



CO M 

' * 1 

12.41* i 



123*1 





‘ 6 10 M • 

49.0?" ‘ 

45.75 

15S0 

1505 





C. 

G 15 M 

21.45 ; 

IS. 88 i 

ISlC ’ 

162.5 , 


-fl 1 

(».7 



C 1C 


13.2S* 

... i 

* . * i 

139S 



7 5 


tv 17 

1 ^ ‘ 

13.46* , 



1619 





■ C 17 

! 

1S.2S 

1631 ! 

i 


' 



i>. r. 

7 4 M 


12.93* i 


. f 

1133 





77 M 

17.48 - 


1191 1 

1292 , 


4-2.2 

2.6 



7 H M 

i'J./o ; 

45.34 

143*' ' 

14*^5 





n. G, 

7.13 M 


13 <''6* . 


, 

HIT 





7.14 M 

15.40 

14. 4S 

12M 

12 48 


-1 6 

2 3 



7/15 M 

15.01 

34.57 

iiy.> 

1381 


-1 2 

2 8 

- . - 

M. G, 

7 17 M 


18,24 

1540 




6 7 



7 2) M 

10.93 

15.t'9 

13ns ; 

ni’s 


4-68 

0 2 

2*/ 4^ 


7,21 M 

18.49 ; 

15.77 

13AI . 

1423 . 


4 4.2 « 

5 3 


- . 

‘ . , . 

’ - 

- - - - 

1 



— , 

■ - 




in Ui! 


m-.K tJ 








‘v**:*’* bv' 


•i/- a'. Xl.o' 






» 

t r'xV 


r.V;--. 

3 v-i/ ;.n { 


f f 4 .T*** ^? vt! 


- ♦ ' i '* *■ 



i. 










^ r? d;:!.* 

•*' d-""m - 1 

t*. 

d f - t? -- 
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Table 3. — Functional Residual Aib of Normal Subjects 



Column; 

1 

2 

3 

i 4 

5 

6 

7 

8 






Lassen 




Maximal 



Alveolar 

1 spirometer 

1 Christie 

et al. 



Difference 

difference 



nitrogen 

1 nitrogen 

1 calcu- 

calcu- 

Hydrogen 

3 minus 4 

between 

on same 


Date 

at the end 

i at the end 

i lation 

lation 

method 

in % of 2 ' 

duplicatest 

subjectt 

Subject 

1942 

(%) 

(%) 

(cc.) 

; (cc.) 

; (cc.) 

(%) 1 

(%) 1 

(%) 

A. B. 

5/18 

21.14 

21.08 

2047 

1998 


-2.5 




5/20 


50,68 

£402 

2289 






5/21 

21.91 1 

21.28 

1947 

1923 


-1.2 



1 

1 

5/21 

1 

16.21* 

. 1 

... 


1928 

- i 



R. C. 

5/22 M 

25.44 ' 

24.96 ' 

2430 

2416 


-0.6 ' 

2.5 



5/27 M 


15.06* 

! 


2244 


1 



5/28 M 

51. kl 

61,49 1 

2835 

2707 





A. F. 

6/18 M 

23.08 

22.39 

2142 

2047 


-4.6 

5.1 



6/19 

« • • 

13.39* 



2'294 





6/19 


14.59* 


* , , 

4176 





6/22 M 

50. hi 

51,00 

1766 

1696 

1 





Fibres in italics were obtained with the original Christie method. 

* Spirometer hydrogen percentage at the end. 

t Calculated from Column 3 values in percentage of the lowest value. Only author’s technique results 
have been included. 

M, mean values of duplicate determinations listed for these dates. 

Nitrogen fall in the alveolar air ranged from 0.55 to 0.69 of an 
atmosphere with the author’s procedure, and from 0.28 to 0.33 
with the original Christie method. 

Hydrogen concentration was kept between 13% and 15%. 

Among both normal subjects and tuberculous patients, duplicate 
determinations made the same day and on the same subject check 
within 2.5% as an average. The checks range from 0.7% to 7.5%. 

On the other hand, measurements made on different days on the same 
subject show a maximum difference of from 1.2% to 20% (average 
7.9%). _ 

Duplicate measurements by the hydrogen method or by the original 
Christie method show wider ranges in most cases. 

By the hydrogen method, values average 56 cc. lower than our own 
values. 

Using the original Christie technique on 8 subjects, results are, on 
an average, 215 cc. higher than those calculated with Lassen ei al. 
formula, and the difference ranges from +3.8% to —5.5%. This differ- 
ence is rather constant when measurements on the same subject are 
repeated. 

Discussion. From our results it is apparent that, when a large net 
change in the alveolar nitrogen percentage is produced, and a re- 
breathing apparatus equipped with a powerful blower is used, the 
oxygen storage effect as described by Lassen et is not present. 
Such a lack of a storage effect can be explained by the fact that the 
changes of nitrogen percentage in the inspired gas, produced by oxj'^gen 
consumption, are lepened by the large volume of the circuit, the low 
nitrogen concentration, and by the rapid mixing of the gases in the 
spirometer. 

The total volume of the spirometer circuit at the end of the experi- 
ment must be at least 3 times larger than the expected residual air, 
a fact which was already pointed out by Anthonyi and confirmed bv 
our own measurements. 
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But even in cases where no oxygen storage effect is present, the deter- 
mination of residual air volume by using small net changes in alveolar 
nitrogen content gives higher values than when larger nitrogen changt's 
are used as in the author’s technique. 

Likewise, IMeneely and Kaltreider^^ found higher values with the 
original Christie method, and Lassen c( aL modification, tJmn those 
obtained with the helium method. Furthermore, the results presented 
in this paper using the hydrogen method agree with those of the 
author s modified Christie method. 

It is then evident that the use of a large net change in the alveolar 
nitrogen concentration corrects the errors of the original Christie 
method, errors which the introduction of the alveolar nitrogen percent- 
age in the calculations^^ or the constant volume technique*® did not 
remove. 

It cannot be decided whether the more correct results arc due only 
to a better mixture of lung gases induced by great differences of the 
nitrogen pressure (at the start) between alveoli and spirometer or if 
the final low nitrogen percentage, not magnifying the errors in the cal- 
culations and giving a greater sensitiveness to the method, is also an 
important factor. 

That a greater sensitiveness exists is shown by the fact that, using 
our method, a given change in the volume of the measured residual 
air induces in the final nitrogen percentage a change 100% greater 
than using the original Christie method. 

The nitrogen excreted by the lungs during the rel)rcathing period 
introduces another cause of error in tlie residual air measurements. 
The errors by miscalculation of the excreted nitrogen arc more con- 
spicuous and significant the smaller the residual air values, and the 
use of a single correction standard in all subjects, as that obtained 
from the Cournand ct aL' regression formula, may seem an unjustified 
assumption. We made also the assumption that the nitrogen excreted 
would be proportional to the fall in the lung nitrogen pressure. 

However, the agreement of our values, even in cases with very stimll 
resiclual air, with those obtained by the hydrogen method, in which 
the nitrogen is kept at atmospheric pressure during the whole rebreath- 
ing j)eriod, seems to justify the use of the ('ournand r/ a/." regre^ssion 
formula. On tlie other liand, errors by miscalculation of tlie hyrlrogcn 
dissolved in the blood are very small. 

Only slight differences exist between n*sult.s calculated by the 
oriuinal (’hristie formula and by the I>assen ri al, rnodification. It 
appears then that using our technique the original ChriMie formula 
may be used witluuit introducing significant errors in tin* rc-sichial air 
values. Alvi'olar air samples might tfien be omitted, and a n^al .•'imp!!- 
fi(':ition ctmld be obtained. 

In rniwliHion. tie* arivantages of the pn^po-ed tec-hnfque for rc-fdiiaf 
air measurements. they mu-t be done on pulmonary tiiberculoir- 
patients, are elear-<mt. By increasing tlie alvt-olar nitrogen c-hnnge 
it offers a better cliamv of adequate intra{m!fni>nnry ga^ mixing, nnci 
it d4>e-5 not magnify th** errors in tlie final By aveading alw»!ar 

sarrifiling and extremely low final nitneen |HTe<‘ninge in tlu* -jnrom- 
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eter, which would demand very accurate analysis, it simplifies the 
measurements without introducing significant errors in the results. 
Finally, the functional residual air values can be corrected for differ- 
ences in the expiratory level at the start, from the examination of the 
graphic. Such a correction is particularly useful in cases of nervous 
patients. 

Summary. A modification of the Christie method which makes it 
suitable for routine examinations, is described. Errors are minimized 
by increasing the change in concentration of the alveolar nitrogen. 
Alveolar sampling is avoided, analysis need not be so accurate. A 
graphic record of the expiratory level is obtained. Results on 14 tuber- 
culous patients without emphysema and 3 normal subjects were com- 
pared with those obtained by the original Christie method and the 
McMichael hydrogen method. The significance of the results is dis- 
cussed. 

We wish to express our appreciation to Lt. Col. D. B. Dill, and to Dr. B. C. Darling 
of the Harvard University Fatigue Laboratory for their help in editing this paper. 
Due to inconvenience in communicating with Dr. Chiodi in Buenos Aires, Dr. Darling 
has kindly complied with our request in making certain modifications in the text and 
tables.— Editors. 
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DIABETES AND THE WEATHER 

By William F. Petersen, M.D. 

professor of pathology and B.^CTERIOLOGY' 

CHICAGO, ILLINOIS 

(From the Department of Pathology, Bactoriologj- and Public Health. University of 

Illinois College of Medicine) 

In a recent paper Beardwood and Rouse/ studying the onset of 
diabetic coma in 220 cases, found that in 100 of them no obvious cause 
was to be ascertained. In a later paper, Joslin, Root, White and hlarble® 
came to the conclusion that the “commonest cause of diabetic coma 
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continues to be laxity in treatment consisting cither of dietary indis- 
cretions or neglect to take an adequate amount of insulin, or both." 

This point is driven home with the clinical demonstration that with 
prompt and proper dosage of insulin, fluid, and salts, the coma can he 
overcome. 

The situation, however, is not as simple as might therefrom he 
inferred. Every physician who has followed Ins cases carefully ami 
whose patients liave followed routine instructions faithfully is con- 
fronted, as Beardwood and Rouse make evident, with the sudden 
precipitation of coma, and both physician and patient cannot ade- 
quately e.xplain the reason. 



ri<i. Mctcoro;:rnm to illustrate iho clinical cvcrit< in Cn«c 1 of I)r<. Joplin. It')'**, 

White nntl Marble. 

Before proceerlinp to the rather inv'oh e<! discussion, I .shall examine 
nise reports detniletl hy Dr. Joslin and his as.-omte5, to illu.^trate 
a very .^iinj>le association of the c^onflition of the patient to the envirotj- 
inental situation whicli may play a rule in a^eravatirur ihv picture. 

do-lin’s <*a<e 1 was tnorilmnd when first s<*en on Af)ril BUH 
(episixle (2) in Fii:. 1). The history indicated that he ha<l eaten litth' 
or nothin.!: for li days previously (1). After im{>rr»vement the [laticnt 
acaiu i»ecame dntu'sy 4); then improve f, fmt die^l suddenly on tie’ 
Nth of April fo). When vvtM‘.v:uninc the metetf>ro;rratn fFic. I) for tie* 
jK'rhxi tuider <s)n*ideration *vt* rih-v^^r’. c* tlu' folloa in;;': Krtvir»'*rimen?al 
tenijH‘ratures har! Imtu ndativfdy hf;r}i at the end of March, l»aro- 
metric pn*r-.ciri-* had le‘’*n hc.v and vdtii the pa-ri;:re u! thi- e\'c!./fKc 
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air mass, rain had fallen. Then followed a polar episode— temperatures 
declined to 40° F., a barometric crest obtained when the_ patient was 
first seen. Sudden death occurred with the next barometric crest. We 
turn to the next 2 cases (Fig. 2) and irnmediately note that these 2 
patients died at approximately the same time (August 24 and 25). Such 
coincidence is accepted as chance. But is it? According to the record, 
Patient No. 2 was admitted on August 13 and Patient No. 3 on August 
17, both in acidosis, although the exact time of the onset was not indi- 
cated in the record. 



AUG. 

' 1 — ~ - T ap m 

> IS- *.0 iV 

Fig. 2.~*~Mctcorogram to illustrate the clinical events in Cases 2 and 3 of Drs. Joslin, 

Root, White and Marble. 


When we now examine this meteorogram we note that death occurred 
when temperatures had fallen from maxima in the eighties to lows in 
the forties and air pressure had increased to a crest. 

Do such environmental situations alter the metabolism of the healthy 
or diabetic individual and do they play a role in precipitating acidosis? 

The Exceptional Requirement of Insulin and Salt Soluimi in Dia- 
betic Coma. In Root and Riseman’s" interesting study of the use of 
insulin and salt solution in diabetic coma, 2 case reports have been 
dated: The first concerned a woman, 31 years of age, who was 
admitted to the Beth Israel Hospital in Boston on April 22, 1937 
(episode [3] in Fig. 3). Four days previously she had lost her appe- 
tite (1), and 2 days previously she had been short of breath and vom- 
ited (2). On the morning of admission she was found unconscious. 
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from the liver stores of glycogen and this sugar is released at a time 
when the peripheral bed (skin, muscles, connective tissue) is relatively 
constricted and the mobilized sugar cannot be delivered to the areas 
where most of it would be utilized under normal conditions, provided 
adequate insulin were available. 

Any sympathicotonia therefore tends to accentuate the diabetic 
state; when repeated in rapid sequence or when amplified because of 
violent environmental changes, a background is laid for diabetic coma. 

Cold, relative or actual; hyperventilation; undue excitement; any 
infection or trauma; any sudden disturbance of metabolic equilibrium 
(Hippocrates) throws a greater burden on mechanisms of autonomic 
equilibration, and in so doing precipitates a diabetic crisis. 

Obviously insulin dosage must be such that it provides a wide 
margin of safety for these constant pendulations and amplifications of 
the organic tide. When the margin of adequacy is restricted, a seem- 
ingly minor change in the environmental condition may be followed 
by disaster. It is for this reason that the commonplace changes in the 
environment associated with weather and season must be seriously 
drawn into the sphere of interest of the attending physician and the 
patient. 

To illustrate this I turn to a simple example from the records of the 
Children’s Memorial Hospital, generously placed at my disposal by 
Dr. Newcomb. 

The cases admitted in coma for the year 1932 are indicated in 
Table 1 and it will be observed that 3 young children were admitted 
in coma at the same time (February 2 and 4). Why the sudden precip- 
itation of an acute condition? 

Table 1.— Onset and Hospital Admission Dates of Diabetic Children (1932) 

(Dr. Newcomb) 




Dur. of disease on 

Age at 

Date of 


Name 

Sex 

admission (wks.) 

onset 

onset 

Admission 

S, 0. . , 

. F 

3 

2-W 

1-13-32 

2- 2-32 

D. S. , . 

. M 

2 

2- 4 

1-21-32 

2- 4-32 

D. 0. . . 

. M 

1 

2- 3 

1-27-32 

2- 2-32 

D. K, . . 

F 

8 

8- 5 

2-21-32 

4-21-32 

B. B. . . 

F 

16 

11- 9 

5- 2-32 

S-16-32 

D. N. . . 

. M 

8 ^ 

2- 0 

5- 5-32 

7- 5-32 

F. W. . . 

. M 

2 

1- 3 

7-14-32 

7-28-32 

K. C. . , 

. M 

20 

8- 3 

7-20-32 

12-20-32 

A. L. . . 

, M 

2 

1- 2 

9-10-32 

9-24-32 

B. R. . , 

F 

3 

2-10 

10- 6-32 

10-27-32 

G. H. , . 

. M 

3 

8- 0 

10-15-32 

11- 8-32 

E. S. , . 

, M 

3 

11-11 

10-21-32 

11-12-32 

E. B. . . 

. M 

2 

8- 9 

12-15-32 

12-29-32 

We turn 

to examine the meteorologic 

situation at 

the time as 


illustrated in Figure 4. It will be observed that temperatures declined 
from 50° F. to 0° on January 31. Then temperatures rose abruptly. 
With such a situation a relative anoxia can readily be demonstrated 
in the normal as well as in the sick individual. The peripheral blood 
bed tends to close, sugar is mobilized, it is kept from the periphery at 
the same time that acid metabolites accumulate. After this phase, 
vessels become more permeable, tissues swell, in the potential or 
actual diabetic coma can develop. (Arrows A and B, February 2 and 4.) 
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’\%en we examine the day by day records of diabetic deaths for 
Chicago at the time when this episode occurred in children we can 
observe a characteristic crest in the number of deaths. In other words, 
the sudden precipitation of diabetic coma in these young children was 
not a chance phenomenon, others in the diabetic population were also 
involved. 



Fig. 4«~“Meteorogram to illustrate death episodes discussed in Dr. Newcomb’s Table 
of Admissions of Diabetic Children. Upper cun'e, maximal and minimal tempera- 
tures; solid cur\*e, barometric pressures; lowest curv'c, daily diabetic deaths. 

Chicago records for the period. 


Variability of Sugar Output in the Diabetic. Among the curious 
phenomena of diabetes that interested Naunyn, the founder of our 
modern knowledge of diabetes, was the obvious fluctuation in the sugar 
output in the diabetic who was kept on an absolutely controlled sugar 
r%ime. Naunyn^ could not account for it. I shall illustrate his finding 
by introducing one of his own controlled observations, using his 
original chart. (Fig. 5.) 
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To make the association of decrease in environmental temperatures 
and increase in sugar output readily evident I have merely numbered 
a few of the outstanding periods (circled numbers 1 to 10) on both 
curves. 

During August, two major polar air masses swept over Strassburg 
(1) and (2) . The increase in barometric pressure and fall in temperature 
is readily apparent. To this change the two sugar crests (1) and (2) 
are related. 



Fig. 5. — Nanny n curve of sugar output with superimposed meteorogram for Strass- 
burg. Naunyn’s curve of sugar excretion in a patient observed in Strassburg from 
July 14 to his death on December 19. Controlled regimen became effective about 
August 10. Increased excretion occurred in short waves of approximately 4 to 5 days' 
duration. Major increase began early in October. Dotted line, mean daily tempera- 
ture in centigrade; solid line, barometric pressure in millimeters; black columns, pre- 
cipitation. 


Early in October (3) and (4) an increase in sugar output is again ap- 
parent. Environmental temperatures fell from 15 ° C. to 0 °. With this 
the sugar curve rose sharply and on October 16th barometric pressures 
again rose abruptly— a sugar crest was evident on the 17th (5). A 
temperature decline then followed from the 17th for the balance of 
the month and sugar levels remained high. A crest on November 3d 
followed episode (6). 

In this fashion each major environmental change finds its reflection 
in change in the sugar level reflecting a mobilization and a distribution 
and the accumulation of sugar as the result of defect in utilization. 
In this case the final sugar erest occurred on December 13th, following 
an increase in barometric pressure from the lows of December 10th 
and 11th. The patient then died with the further development of the 
cold wave. 

Discussion and Summary. The interrelation of environmental tem- 
perature and air pressure and the underlying biochemical changes that 
occur in the human have been discussed in detail in a recent publica- 
tion (5), and the diabetic problem has been discussed fully elsewhere.® 
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The clinical inference might seem obvious, namely, fortifying the 
patient by increasing the insulin intake vnth changing seasonal 
and weather demands. The intelligent patient can be instructed to 
modify the dosage with change in weather. Possibly even more 
important is the recognition of the hazard immlved in adjustment to 
cold and the consequent instruction of the patient to promptly make 
use of adequate clothing, suitable room temperatures, the avoidance 
of unnecessary’' exposure and taxing environmental situations of 
whatever nature. The same physiologic adjustment tliat occurs with 
cold is basically involved in fear and anger or excitement, in the early 
stages of infection, in gastro-intestinal overload, in allergic reactions, 
in pain, and finally in fatigue. 
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PRECLINICAL GENITO-URINARY TUBERCULOSIS 
By George E. Kenny, M.D. 

VISITING SURGEON 

Sajiuel E. Cohen, M.D. 

CLINICAL PATHOLOGIST 
AND 

Leslie B.yher, BI.D. 

resident physician 

OTISVILLE, N. y. 

(The Municipal Sanatorium of the Citj' of New York) 

Ricord’s classification of the luetic infections into primary, second- 
ary and tertiary stages was so striking and fundamental that it prob- 
ably influenced Ranke to apply similar categories to tuberculosis 
(1916). To substantiate this thesis Ranke could point to Naegeli’s 
postmortem findings (1900), v. Pirquet’s doctrine of allerg)’ (1906), 
and Ghon’s study of the character of the primary infection (1912). 
Since tlien phthisiologists are agreed that in tuberculosis there arc 
3 stages of development: the analogy with sj’philis is basically cor- 
rect. However, chronologically, the succession of tlie stages is not 
always I, II, III, in a forward progression as Ranke taught. Stage I 
can become III without an intermediate hematogenous dissemination 
(II), and an isolated organ tuberculosis (III) can give rise to recurring 
or a single episode of II. Ranke’s classification restricts the evolution- 
ary possibilities in a given individual. Tuberculosis is more dynamic 
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Table 1 . — Clinical Summary of Cases 


Case 

History 

Pulmonary status, 
other diagnoses 

Urine 

PSP 

(%) 

Cone. 

UrologisFs impression 

M. 49 

Japanese 

Male 

6 mos.; pleurisy, 
effusion, gon- 
orrhea 

IIA, sputum pos.; 
pleurisy with ef- 
fusion, bilateral 

Alb. 2-f- 
Incr. TOC 

RBC 

Pos. cult.: 4 of 7 

92 

1006-30 

Tuberc. prostatitis and epididy- 
mitis; calcific, in right kidney; 
tuberc. of left kidney 


6 mos.; pleurisy, 
effusion 

No parenchymal 
disease! resolved 
pleural effusion, 
right 

Alb. tr. to l-p 
pos. cult.: 1 of 3 


1014-25 

Negative 

M. 34 

Philippine 

Male 

10 mos. 

lie, sputum pos.; 
left pleural effu- 
sion 

Alb. 44- ■ 

Incr. 

Hematuria 

Pos. cult,: 2 of 2 

50 

1006-24 

Tuberc, of left kidney; ulcera- 
tion of bladder with perfora- 
tion 

N. 23 
Negro 

Male 

2 yrs. 

IIA, sputum pos.; 
right hydropneu- 
mothorax 

Alb. tr. 

RBC 

Pos. cult.: 1 of 7 


1015-20 

Negative 

T. 25 
White 

Male 

1 yr. 

lA, sputum neg.; 
bilateral pleural 
thickening 

Alb. tr. to 24- 
Incr. WBC 

Pos. cult.: 2 of 2 

80 

1005-lS 

Cystoscopy: neg.; intraven.pye- 
lography: dis. of left kidney; 
postop. specimen; caseous-ul- 
cerative tuberc. left kidney 

R. 43 

Negro 

Male 

3 yrs. 

IIIB, sputum pos.; 
hematogenous 
infiltration of the 
lungs; brain 
tuberculoma (?); 
Pott's disease 

Alb, 24- 
Incr. 4VBC 

RBC 

Pos. cult,: 3 of 3 

96 

1013-20 

Cystoscopy: granulation tissue 
throughout lower half of blad- 
der, ureters contracted, ques- 
tionable patency on right; 
retrograde: left kidney disease 

H. 21 
Negro 

Male 

4 mos. 

IB, sputum po3.; 
bronchial lymph 
node penetrat- 
ing into bron- 
chus; tuberculo- 
sis of both knees; 
Pott's disease 

Alb. 24- 
Incr. WBC 

Pos. cult.: 2 of 6 

89 

1020-'33 

Bpididymo-orchitis left; postop. 
specimen: same; cystoscopy: 
neg.; pyelography: right kid- 
ney disease 

N. 24 
AVhitc 

Male 

13 mos. 

i 

1 

IIB, sputum pos. 

Alb. tr. 

Pos. cult.: 1 of 1 

i 

1 

1 1014-22 

Negative 

R, 22 
\WUc 
Female 

13 mos. 

1 lA, sputum neg.; 
bilateral pleural 
thickening ' 

Alb. tr. 

Pos. cult.: 1 of 6 

j 

’ 1010-25 

Negative 

M 43 
Negro 

Male 

10 mos. 

lA, sputum neg. 

Alb. 2+ 

Incr. WBC 

RBC 

Pos. cult.: 2 of 5 

88 

1008-27 

Negative 

V. 29 

Male 

3 wks.; pleurisy, 
effusion, right 

No parenchymal 
disease; thicken- 
ed pleura, right 

Alb. tr. 

Incr. 4VBC 

Pos. cult.: 5 of 5 

96 

1014-22 

Cystoscopy: granulation tissue 
and ulceration at both ure- 
teral openings, more so at 
right; pyelographj’^: left kid- 
ney disease; postoper. speci- 
men: caseous tuberc. of left 
kidney and ureter 

K. 19 
\\’hite 
Male 

3 mos. 

IIA, sputum pos. 

Alb. tr. 

Incr. WBC 

Pos. cult.: 0 of 3 

* ' 

1010-26 

Epididymitis, right 

M. 24 

White 

Male 

7 JTS. 

“pleurisy” 

IIB, sputum pos. 

Alb. tr. 

Incr. WBC 

Pos. cult.: 2 of 4 

5S 

1014-27 

C 3 *stoscopy; scarring and con- 
striction of left ureteral open- 
ing; intraven. pyelograph}': 
disease of left kidney 

M. ID 

\WUe 

Male 

5 mos. 

IIB, sputum pos.; 
hematogen. infil- 
tration in lungs; 
calcification in 
mesenteric 
lymph nodes 

Incr. WBC 

Pos, cult.: 3 of 3 

43 

1005-23 

Cj-stoscopy: neg.; pyelography: 
left kidney disease; postop. 
specimen: caseous ulcerative 
tuberculosis 

R. 17 
Colored 
Male 

5 mos. 

Penetrating bron- 
chial lym. node, 
terrmnating in 
miliary dissemi- 
nation and pene- 
tration into heart 

Alb. 24- 
Incr. WBC 
P<x^.cuU.:2or3 

1 


1024-26 

Negative; postmortem: miliary 
tubercles throughout all or- 
gans, Pott’s abscess, caseous 
tuberculosis of heart 
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in its course than is pictured in his straight line sequence of stages. 
Figure 1 would be more characteristic of the changes that can occ\ir. 


I — > II — > III primarj’^ focus I~>III organ tuberculosis 

(Ranke) (alternative) 

II 

dissemination 

Fig. 1. — Stages occurring in tuberculosis, Ranke and alternative sequences. 


With this scheme in mind, it will be realized that tuberculous dis- 
seminations can be a frequent possibility. Consequently, the eagerness 
to diagnose extra-pulmonary foci should be as keen as our endeavors 
in any pulmonary survey. The urine offers a ready and adequate 
source for the investigation of genito-urinary tuberculosis, and here 
the laboratory can ever be the first to report an excretory tuberculosis. 
A normal urine in the female contains up to about 12 WBC per Iiigh- 
power field per centrifuged specimen of 16 cc., in the male up to about 6. 
In a tuberculous individual any increase in the number of the pus 
cells or the presence of red blood cells or albumin should automatically 
call for a 24-hour specimen to be concentrated for tubercle bacilli. 
The smear from such concentration allows only a preliminary report. 
As a routine, the residue should then be treated and cultured on a 
standard medium for tubercle bacilli. Such concentrates and cultures 
of 24-hour specimens are to be repeated monthly or bi-weeki}’' until a 
sufficient number of reports are available for the urologist to plan his 
cystoscopic and retrograde examinations. 

This is the routine employed at the Municipal Sanatorium. Our 
institution has been receiving minimal and moderatel}’’ advanced 
cases* of pulmonary tuberculosis from the clinics and hospitals of the 
City of New York. Since the induction of our urine routine, we have 
uncovered a relatively high percentage of excretory tuberculosis. The 
high figure occurring in a sanatorium population with comparatively 
little chest disease emphasizes the necessity of being on the alert to 
diagnose latent or preclinical genito-urinary tuberculosis. 

Data. During August, 1940 to February, 1942, 393 24-hour urine 
specimens were studied for tubercle bacilli because routine specimens 
from the same patients revealed contents deviating from the absolute 
normal. These came from 214 different individuals. Tubercle bacilh 
were isolated in 29 instances, representing 14 individual cases.^ One 
individual had definite clinical evidence of a tuberculous orchitis, yet 
urine specimens were persistently' negative for tubercle bacilli. Thus, 
of 214 suggestive cases, 15, or 7% yielded positive clinico-pathologic 
findings (Table 1). Tlje positive cases comprised 2 yellow males, o 
negro males, 6 white males, and 2 white females. Their ages varied 
from 17 to 49. Of these individuals, 3 gave a definite history of pleurisy 
with effusion, 1 claimed to have had pleurisy, 1 developed a pleurisy 
with effusion under observation, and 2 showed evidence of thickened 
pleurae roentgenographically or radiographically. Three cases had 

♦ In 1941, 557 admissions, of which 51.4% were classified as minimal, 41M% modrr* 
ntely advanced, and 3.4%, advanced. The remainder wore non-tubcrculou*. 
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chest films characteristic of a hematogenous dissemination through 
the pulmonary circuit, and 4 had simultaneous bone lesions (3 Pott’s, 
1 knee). Table 2 gives the distribution of the genito-urinary pathol- 
ogy in our group. 

Table 2.— GENiTo-unmABY Tuberculosis 


I. Renal: 

Kidney and ureter 9 

Bladder 4 

II. Genital; 

A. Male — 

Prostate 1 

Epididymis 3 

Testis 1 

B. Female — 

Uterus 

Ovaries and tubes 

III, Tuberculous bacilluria 5 


The conclusion of 7% was derived from the ratio of 15 positive cases 
to the 214 studied. During this interval of time, 1230 individuals were 
treated at the sanatorium. Thus, considering the total population, the 
percentage of genito-urinary tuberculosis was 1.2%. 

All organisms isolated were identified bacteriologically by their 
cultural characteristics and by guinea pig inoculations. From 1 woman 
a positive culture was subsequently identified as a smegma organism. 
The occurrence of non-tuberculous acid fast organisms in our survey 
was 1:29. 

Clinical Course. Clinically, our cases can be divided into 3 separate 
groups: 

1. Clinical Genito-tirinary Tiiherculosis. These were the cases which 
offered frank clinical signs: pyuria, hematuria, dysuria, enlarged 
testicle, or epididymis, etc. Tubercle bacilli were abundant and already 
in the plain smear of the 24-hour specimen. The patients had com- 
plaints, the clinical and laboratory findings were manJ^ 

Case Hislories, V. 29, white male. In 1939 pleurisj’’ with effusion which 
was tapped. In 1940 gradual onset of pain and burning on urination, frequency. 
Urine showed albumin. Urine cultures positive for tubercle bacilli; later 
smears of concentrates positive on direct examination. Cj’^stoscopy : granula- 
tion tissue and ulceration at both ureteral openings, more so at right. Pyelog- 
raphy: left kidney disease. Nephrectomy performed. Specimen showed 
caseous-ulcerative tuberculosis of ladney and ureter. 

M. 34, Philippine male. Had been admitted to another institution because 
of urinar.y distress but “work-up did not exclude the possibilit}" of tuberculosis." 
Admitted to Otisville for chest condition and complaints of d.ysuria, frequencsq 
and hematuria. Urine: alb. 4-1-, RBC, numerous ITOC/HPF. C 3 'stoscopy: 
ulceration of bladder and scarification of left ureter. Subsequent course: 
development of urinarj' retention, onset of abdominal tenderness. Laparotomy 
perfonned: perforation of posterior Avail of bladder, tuberculous peritonitis. 
Transferred to the CitA\ Left nephrectomj’ done. Patient recoA^ered from the 
acute bladder disease. 

2. Snhclinical Gcniio-^iniiary Tuberculosis. On the other hand, 
there AA’cre the cases in AA'hich symptoms and complaints AA'ere vague 
or absent. Because of some abnormal content of tlie urine, 24-hour 
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specimens were cultured and tubercle bacilli found. Successive positive 
findings set the indication for C3^stoscopy and pj'elograpbj' which 
revealed conclusive patholog 3 ^ 

These are the cases which were discovered earl}', and thej' differ 
from clinical genito-urinar}' tuberculosis onI.y in degree and extent. 
All tuberculosis begins as minimal disease, and timeliness of diagnosis 
is desirable also in genito-urinarj' tuberculosis. 


Table 3.— Reports on Genito-obinaby Tubebculosis 


Author 


Type of material 

Incidence of genito- 
urinary pathology’ 

% 

Harris 

1930 

Tuberculous bone lesions 

16 of 43 adults 

37 

Bumpus 

1930 

Urine from supposedly normal 

9 of 67 children 
43 of 175 

13 

25 

Rieder 

1931 

contralateral kidney 

Mod. and far adv. cases 

11 of 136 

S 

Menton 

1932 

Mod. and far adv. cases 

1 of 76 

1.3 

Band 

1935 

Patients with extrapulmonary 

25 of 174 

14 

Munro 

1935 

tuberculosis 

Mod. and far adv. cases 

22 of 160 

14 

Saenz, etc. 

1935 

Mod. and far adv. cases 

Oof 100 


Mack 

1937 

Patients with extrapulmonary 

15 of 20 

75 

Miller, etc. 

1939 

tuberculosis 

General tuberculosis population 

84 of 1316 

6.6 

Rosencrantz 

1940 

Mod. and far adv. cases 

14 of 200 

7 

Morse, Scott 

1940 

General tuberculosis population 

76 of 2049 

3.8 

Auerbach 

1940 

Autopsy material 

127 of 1143 

11 


* Correspondence with the authors corrected this percentage from 28. 


Case Histories, T. 25, white male. Admitted for chest condition. Urine: 
alb. 2-b, Positive cultures. Intravenous pyelography revealed disease of left 
lddne 3 ^ Nephrectomy performed and specimen showed caseous-ulcerative 
disease of left lddneJ^ 

M. 49, Japanese male. Past history of pleurisy with effusion, and gonorrhea. 
Urine on admission contained 2+ alb., clumps of WBC, and RBC. Urine 
cultures for tuberculosis set up. In view of history, an intermittent discharge 
was investigated for gonorrhea. Cultures positive on two occasions, complement 
fixation for gonorrhea: 5.9. Patient given several courses of sulfa thiazole. 
Of 7 cultures for tubercle bacilli, 4 became positive. Pyelogram shmved calci- 
fication in right kidne 3 ^ Split specimens revealed tubercle bacilli coming 
from Icji kidnej" (positive culture and positive guinea pig inoculation). Diag- 
nosis: calcified foci in right kidne}^ active focus in left; tuberculosis prostatitis 
activating old gonococcal infection. Transferred to city, where tuberculous 
epididjmitis uncovered. Epidid^mcctomj' performed. 

3. Tnherculojis BaciUvria, Occult Geniio-winary T'ubcrcuhs'is, Here 
again the indication for iirologic examination was set the laboratory. 
The excretion of tubercle bacilli was not constant, and clinical investi- 
gation could determine no causative pathology. Apparentl}', function 
was normal, and evidence of morbid change could not be revealed by 
tlie urologist. Yet, we must assume that a focus, or several foci, and 
these even bilaterally, had been established during Phase II of the 
patient’s tuberculous history. When the foci heal, and they will heal 
as completely as do similar foci in the lungs, the baeilluria is 
transitory. On tlic other hand, the foci may go on to ulceration and 
the case then becomes one of subclinical genito-urinary tuberculosis. 
These cases require constant check in order that surgical intervention 
be instituted before the appearance of frank clinical signs. 
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Case History. Five of our 15 eases were of this tj>pe. Anatomic pathology 
was not found, 3 ’’et because of the repeated isolation of tubercle bacilli the 
literature has taught us to interpret these as authentic instances of renal 
tuberculosis. They are, then, the minimal cases heretofore overlooked unless 
“they had good luck to have their renal tuberculosis discovered in the pre- 
clinical or occult stage because they happened to be selected for inclusion in 
a research or enjoy the services of an exceptional^ thorough clinical pathol- 
• ogist” (Dukes'*) • Whereas, the common location of an occult focus is in the 
kidnej^ the epididjmiis, etc., should not be overlooked. 

Whereas clinical and subclinical excretory tuberculosis differ only 
in the extent of the symptomatologj’-, we endeavor to stress the impor- 
tance of the tuberculous badlluria by grouping it with subclinical 
form into preclinical genito-urinary tuberculosis. 

Discussion. Pulmonary tuberculosis is very frequently complicated 
by urogenital* tuberculosis (Table 3), in fact, more so than is generally 
accredited. Unfortunately, the diagnosis of urogenital tuberculosis is 
very often missed in the first stage of the disease because of its as 5 ’'mp- 
tomatic course. 

The Pathogenesis of Urogenital Tuberculosis: 

1. Ascending— mechanical factors or from the prostate. 

2. Direct Extension— horn the neighboring organs. 

3. Lymphatic. 

4. Hematogenous— the most frequent. 

The most usual method of renal infection is by the hematogenous 
route. Renal tuberculosis is never a primary lesion but a complication 
of a tuberculous process localized elsewhere, the renal infection occur- 
ring wdien the primary focus in the body has already manifested itself. 
Renal tuberculosis as a hematogenous complication of this primary 
focus arises when the tubercle bacilli localize in the renal cortex and 
cause a simultaneous infection in both kidneys.^ These foci may 
heal just as primary foci in the lung heal. When these foci break 
down, active renal tuberculosis occurs, the tubercle bacilli enter the 
urinary tubules and appear in the urine. “As the infection spreads, 
caseous foci are formed in the medullary pj^amids and give rise to 
ulcerations of the overlying epithelial lining of the calyces in the renal 
pelvis, as a rule involving only one kidney.”® 

Secondl.y, in the evolution of an individual’s disease, tubercu- 
losis of anj' organ can break down and disseminate tubercle bacilli 
via the blood stream and set up a renal infection e^'^en after the indi- 
vidual had reached the tertiarj'^ period of Ranke (Fig. 1). Thus, excre- 
tory’ tuberculosis should be expected as a frequent occurrence. 

A minority of authors contend that the tubercle bacilli may 
pass through a non-diseased kidney. However, generally authors 
believe that the finding of tubercle bacilli in the urine is indicative 
of renal tuberculosis provided that the genital system is ruled out. 
this conclusion has been borne out by a number of experiments. 
iMcdiar and Sasano- inoculated guinea pigs with tubercle bacilli, 
examined the urine, sacrificed the guinea pigs and demonstrated 
that in all cases showing tubercle bacilli in the urine, kidney path- 
ology was always found. ^lunro and Bond studied 5 cases of bacil- 
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luria with no s\Tnptoms during life. In all 5 cases tuberculous 
foci were found in both kidneys. Spitzer and Williams^ inoculated 
103 guinea pigs with normal urine from patients with pulmonary 
tuberculosis. All pigs remained normal. However, in another series of 
106 cases, 4 of the urinary specimens contained albumin, casts, or 
white blood cells. Of these, 4 of the guinea pigs died of tuberculosis. 

‘'A true tubercle bacilluria does not exist, as an impartial review ' 
of the evidence in favor of and against such an occurrence reveals. 
The presence of tubercle bacilli in the urine signifies a specific lesion; 
and the ability to demonstrate it b^^ clinical and laboratory methods 
is possible in practically all cases if they can be kept under observation 
sufficiently long.”^ 

Morse and Scott® for the past 9 years routinely examined the urine 
of every patient in the Manitoba Sanatorium (2409). A culture of the 
urine was made in any case showing pus, albumin, or red blood cells. 
If the culture was doubtful, a guinea pig inoculation was carried out. 
These authors found that in 76 cases (3.8%), tubercle bacilli were 
present in tlie urine. Forty of the 76 cases had pulmonary tuberculosis, 
12 had osseous lesions. In 5 cases, no extra-renal tuberculosis could be 
found. Nineteen patients had a bilateral involvement. 

Our experience is reported to stress the frequency vnih which 
excretory tuberculosis can be uncovered in patients with comparatively 
little chest disease and without renal sjTnptomatologj". The tuberculous 
bacilluria is as important as the more advanced stages, for thus, an 
adequate regime can be instituted to treat the renal infection and 
progression to an unfaA^orable degree possibl}' avoided. 

Beach and Schultz- followed 8 patients over different periods of 
time because varying numbers of pus cells and er^i:hrocytes were found 
in bladder urine specimens. This follow-up over 8 to 15 years revealed 
that objective or subjective s;sTaptoms have not returned and in their 
absence the authors conclude that the tuberculous renal pathology 
from which these persons suffered at first has healed. The cases arc 
reported in support of the contention that clinical healing of early 
renal tuberculosis does occur, especially if cessation or extensive 
anatomic clianges have not occurred. 

Conclusions. 1. Urinary" findings of an increased number of white 
blood cells, albumin, or blood in a tuberculous individual should cause 
investigation for genito-urinary tuberculosis. 

2. Concentrates of 24-hour urine specimens for tubercle bacilli sup- 
plemented by culture methods should be routine in every tuberculosis 
institution. 

3. In a sanatorium population with comparatively little 
disease, of 214 cases investigated for excretory tuberculosis, 15 (1%) 
gave positive findings. Of these, 5 were in the form of a tuberculous 
bacilluria. 

4. Genito-urinary tuberculosis can be divided into 3 clinical form.y. 

(fl) Clinical— symptoms are frank and many, pathologic change is obvi- 
ous; (6) Subclinical— in which laboratory findings set the indicationsfor 
urologic work-up; pathologic condition is then uncovered; (c) Tnhcrcn- 
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lous hacilluria-~theiovm in which urine cultures for tubercle bacilli are 
positive^ yet pathologic change though present, is not manifest. 

5. The iuherculous bacilluria and the subclinical form have been 
grouped together into preclmical geniio-urinary tuberculosis. 
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(From the Philadelphia General Hospital) 

Sulfamerazine (2-sulf anilamido-4-methyl-pj’Timidine) , synthesized 
by several groups of investigators,^'^® is one of several methyl homo- 
logues of sulfadiazine. The pharmacologic and toxicologic behavior of 
this compound in laboratory animals,^^ and its therapeutic eflSeacy 
against a variety of experimental infections® suggested that this drug 
had definite clinical potentialities. Studies in man have shown that 
higher blood levels are attained more rapidly and are sustained for a 
longer period of time following the oral administration of sulfamerazine 
than aRer the ingestion of similar amounts of sulfadiazine.®-® Results 
of preliminary studies suggest that the toxicity of sulfamerazine to 
man is comparable to that of tbe sulfonamides in common use at the 
present time.® 

These studies of the behavior of sulfamerazine suggested that its 
use in the treatment of meningococcic meningitis might prove advan- 
tageous. This disease was epidemic in Philadelphia in the past winter 

* From tlic Philadelphia General Hospital Committee for the Studv of Pneumonia, 
which also includes J. H. Clark. M.D., and J. G. Roinhold. Pn.D. Mi^ M. E. Murphy 
and Miss .1. 0’Laughlin rendered valuable technical assistance. 
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and ample opportunity was provided for the clinical trial of siilfa- 
merazine. Up to the time of writing, 45 patients, suffering from 
meningococcic meningitis,* have been treated with sulfamerazine.f 
The relevant data are shown in Table 1. Thirty-six of the patients 
were adults, ranging in age from 13 to 77 years, and the remaining 9 
were children of 1 to 11 years. All were gravely ill and presented typical 
clinical manifestations of meningitis. The cerebrospinal fluid was 
turbid in every instance but one (Case 13), in which the lumbar 
puncture was performed 8 hours after onset of symptoms. Bacteriologic 
studies w^ere made throughout the investigation. Spinal fluid cultures 
were positive for the meningococcus in all but 7 cases and in these 
the diagnosis was supported by the finding of typical organisms on 
direct smear. No explanation for our failure to obtain growth in these 

7 cases is available. In most instances, a luxuriant growth Avas obtained 
Avithin 16 hours. On the basis of our experience tins favorable result 
AA^as due in a large measure to the routine use of capneic incubation.® 
Blood cultures AA-ere made routinely and meningococci were found in 

8 cases (17.8%). 

In general, the following dosage of sulfamerazine was employed. 
The initial dose was always given intravenously as sulfamerazine 
sodium (5% solution in sterile distilled water), adults receiving 3 gm. 
and children 1 to 2 gm. This dose was immediately folloAA^ed by sulfa- 
merazine orally, adults receding 1 gm. CA’^ery 4 hours, children receiving 
0.25 gm. to 1 gm. cA^ery 6 hours. In delirious or comatose cases the 
drug was administered by nasal tube until the patient was capable of 
taking medication by mouth. Sulfamerazine dosage was continued in 
full amounts, unless toxic manifestations developed, until the patient 
appeared entirely well clinically. In the successfully treated group 
the average total dosage of the drug for the adults AA'as 56.4 gm., 
given oA^er an average period of 9.5 days, ranging from 5 to 16 days; 
the children received an a Average total dosage of 19.3 gm., oA^er an 
average period of 8.6 days, ranging from 6 to 14 days. In 5 of the 
patients (Cases 8, 24, 30, 41, and 44) intravenous antimeningococcic 
serum aa'us employed in addition to sulfamerazine, with one dcJith 
(Case 30). The total amount of serum used in each case AA’as generally 
small, varying from 30 to 50 cc. Whether the successfully treated 
cases in this combined therapy group w^ould have recovered Avithout 
the additional use of serum cannot be stated definitely. It is our 
impression, hoAvever, that the drug alone aa'quM have achicA'cd the 
same results. Fluids Avere giA^en liberally, usually 2000 to 3000 cc. 
a day. None of the patients received alkali therapy. 

Determinations of the amount of free drug in the blood Averc made 
at frequent intervals in most of the patients. For those receiving 6 gm. 
of sulfamerazine per day, plasma concentrations of free drug Avere as 
folloAvs in 32 cases: First 12 to 24 hours, 13.4 mg. per 100 cc.; 2d day, 

* T!ic?c patients were treated on the Medical and Pediatric AA'ards o( the Pyibdrlpliia 
General Hospital (37 ra?es) and the Hospitals of the University of Pennsylvania (S rase**). 

t Sh.arp «!' Dohme Lal)oratoric?, Glenoldcn, Pa., kindly supplied the sutfameraim^* 
used in this study. 
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15.7 mg. per 100 cc.; 3d day, 16.5 mg. per 100 cc.; 4tli day, 16.0 mg. 
per 100 cc.; 5th day, 15.5 mg. per 100 cc. Result of blood analyses 
will be reported in detail later. Lumbar punctures were done on 
admission for diagnostic purposes, but the procedure was not repeated 
unless signs of increased intracranial pressure were present or the 
patient failed to respond to treatment, in which case further study of 
the cerebrospinal fluid seemed advisable. During the course of this 
study, however, we did obtain cerebrospinal fluid from 28 patients in 
order to determine the amount of free drug present. It was found 
that the mean concentration of the drug in the cerebrospinal fluid was 
42.1% of the mean concentration in the plasma. 

Results. In this group of 45 patients with meningococcic meningitis 
treated with sulfamerazine there were 3 deaths (6.7% mortality). 
Of the fatal cases, one (Case 3) was a 41-year old white man who Avas 
moribund on admission and died 3 days later Avithout shoAA’ing any 
response to treatment. No history as to the duration of illness AA'as 
obtainable in this case. The second death (Case 30) Avas a colored 
male, aged 36 years, admitted on the 3d day of his disease. At the 
time of admission the patient Avas unconscious and had a right-sided 
torticollis, presumably of cerebral origin. Initial examination of the 
cerebrospinal fluid revealed marked turbidity, many meningococci 
on smear, and a positu-e culture. Subsequent cultures of the fluid on 
the 5th and 9th days of treatment AA^ere sterile. This patient received 
a total of 105 gm. of sulfamerazine oA^er a period of 13 days and 45 cc. 
of antimeningococcic serum intraA^enously on the 3d day. Although 
the negative cerebrospinal fluid findings AA^ere suggestive of some 
response to the drug, the clinical course AA^as progressiA^ely doAAmhill 
and the patient died on the 21st day. The pertinent autopsy findings 
Avere referable to the brain.* There was no gross evidence of meningitis. 
Areas of recent softening Avere observed, superimposed on calcification 
of vessels in the globus pallidum. This lesion was considered to be due 
to chronic anoxia, to which the meningitis might have been a con- 
tributing factor. This could also haA'e accounted for the clinical 
torticollis and persistent unconsciousness. The third death (Case 33) 
A\*as a 77 year old Avhite man who Avas unconscious on admission and 
died 23 hours after the onset of therapy, having received only 9 gm. 
of sulfamerazine. 

For the successfully treated group, definite clinical improvement, 
manifested mainly by mental clarity, AA’as apparent Avithin 48 hours 
of drug therapy in 29 (70%) of the cases, altliough fever usually per- 
sisted for scA’cral days folloAAung the initial response. The aA'cragc time 
obserA'ed before the recoA'cred group became afebrile Avas 5.2 days, 
ranging from 1 to 14 days. Complications of the disease were obscrA’cd 
in 4 patients on admission, 3 with ocular palsies (Cases 12, 27, and 3S) 
and 1 Avith polyarthritis (Case 28). During the course of treatment. 

1 patient (Case 4) developed Bell's palsy, and 3 patients developed 

♦ Examination of thc^ brain y>crformcfl by Helena E. RicK?^. M.D.. Division of 
Nouropatholoc;>', Ealyimtorie®, Philadolpbia General Ho^>ital. 
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acute arthritis (Cases 3, 17, and 19). All complications were transient 
and recovery was complete. 

Toxicity. Toxic reactions, attributable to the drug, were noted in 
11 patients. Six (Cases 10, 12, 13, 36, 37 and 39) developed skin rashes 
on the 10th, 9th, 5th, 9th, 14th and 9th days of treatment following 
46, 51, 29, 25, 83 and 51 gm. of sulfamerazine respectively. Drug fever 
was observed in 4 patients (Cases 8, 14, 34 and 40) on the 13th, 8th, 
7th and 8th days of treatment after the administration of 77, 41, 45 
and 50 gm. of the drug respectively. One patient (Case 19) experienced 
acute loin pain and gross hematuria on the 14th daj^ of treatment, 
after having received 77 gm. of sulfamerazine. This case has been 
reported elsewhere in detail,^ All of the patients in this sub-group 
recovered despite the fact that sulfamerazine was discontinued in each 
instance with the diagnosis of drug toxicity. 

Comments. The mortalit}^ of 6.7% in this group of 45 cases of 
meningococcic meningitis treated with sulfamerazine is to be compared 
with that of 57.5% occurring in 40 cases of this disease observed at 
the Philadelphia General Hospital during 1935, 1936 and 1937,'^ and 
with that of 40% in 50 patients reported in 1942.^ Also the results in 
this stud}^ compare favorably with those recently reported in which 
sulfadiazine was employed (12.5% mortality).® Due to unavoidable 
circumstances it was not practical to treat anj'^ of the cases in this 
series other than with sulfamerazine. 

Toxic reactions due to the drug were more frequent in these patients 
receiving sulfamerazine than in those previously treated by means of 
sulfadiazine.® However, in a larger group of pneumonia cases in whom 
sulfamerazine was used over shorter periods of time and in smaller 
daily doses, the incidence of drug toxicity was negligible."' 

During the course of this investigation there were 6 additional 
patients treated with sulfamerazine in whom the diagnosis of meningo- 
coccic meningitis was based in each instance on a typical clinical 
picture, increased spinal fluid pressure, and a turbid cerebrospinal 
fluid with a high polymorphonuclear cell count. Since the clinical 
diagnosis in these cases was not substantiated by conAuncing bacterio- 
logic evidence, Ave liaA’e excluded them from this report, although Ave 
believe they represent true cases of the disease. These 6 cases recovered. 
In addition to the above, there Avere 3 patients Avith proA'en meningo- 
coccus meningitis AAdio AA^ere moribund on admission and died before 
sulfamerazine therapy could be instituted. 

Summary. 1. Sulfamerazine therapy has been employed in 45 con- 
secutive cases of meningococcic meningitis. There Avere 3 deaths in 
the series (6.7% mortality). 

2. Definite clinical improvement AA'ith return of mental clarity 
occurred in 70% of the patients Avithin 48 hours. The average time 
observed for the return to normal temperature Avas 5.2 days. 

3. Toxic reactions attributable to sulfamerazine, occurring in each 
instance after the 5th day of treatment, AA*ere noted in 1 1 patients. 
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Ix the preceding article we reviewed the therapeutic effectiveness of 
siilfamerazine (2-sulfanilamido-4-methyl-pyriniidine, sulfamcthyldia- 
zinc) against experimental infection, discussed the behavior of the 
drug in man, and presented observations on its use in the treatment of 
meningococcic meningitis. The present paper deals primarily with 
the treatment of jineiimococcic pneumonia witli sulfamcrazinc.t 

Organization of the Study. A prime requirement in the evaluation of a 
new chemotherapeutic agent for the treatment of pneumonia is to compare 
it with a })roven fonn of therapy. Therefore, from the beginning of this study 
(Jamiaiy I, 1043), as in previous .studies of sulfonamide tlicrapj' in piieumonia, 
the medical ser\icest in the hospital were divided into two therapeutic group-, 
one rccci\ing siilfamerazine, and a control group, con.sisting of an equal number 

♦ F*rom tho Pliihnddphift Geneml Committep for the* Study of PncumoiuA. 

wincli aLo include^ J. G. Rrinhold. Fa.D., and S. B. 

t Shan> Dohmp Lalxjr.'itorioj^, Glcnoldon, Pa., kindly FUpplird the “ulfumpiason* 
U 5 pd in this study. ^ 

t Clinical f.nrilitif"« wore jdvrn u« for thi’< Ptudy by Iho following Cluei*' of ‘ ' 

Dr*. Frieda B.auinann, R. S. Bolr*. C. L. Brown. Thonirn Kirin, 1). W. Krnmrr. i>. . • 
Kn'mer, W. G. Lcam.an. Jr.. S. A. I.opwenl>err. and T. G. Srhn.alKd. 
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of patients with pneumonia, receiving sulfadiazine. For this report we have 
taken the first 80 cases in each therapeutic group. In general, the distribution 
of age and sex (Table 1), and the day of disease on .which treatment was 
begun (Table 2) were comparable in the two groups. 


Table 1.— Mortality 

According to Age 

and Sex Groups 


Age group 
(yrs.) 

Sulfamerazine treated 

Sulfadiazine treated 

No. 

Died 

No. Died 

12--19 

. 10 


8 


20-29 

. 11 

, . 

14 


30-39 

. 23 

1 

15 

1 

40-49 ...... 

. 16 

2 

21 

2 

50-59 

. 10 

2 

14 

4 

60 and over .... 

. 10 

1 

8 

1 

Sex 





Male 

. 70 

5 

73 

8 

Females 

. 10 

1 

7 



Table 2.— Mortalitt in Relation to Day of Disease on Which Treatment 

WAS Begun 

Sulfamerazine treated Sulfadiazine treated 


Day of disease 
treatment started 


No. 


Died 


No, 


1 . . . . 

... 8 


1 

6 

2 . . . . 

3 . . . . 

... 16 1 
... 15 

^67.5 

1 

15 

10 

4 . . . . 

... 15 



13 

6 . . . . 

... 11 


1 

10 

6 . . . . 

7 . . . . 

. .. 7 

... 5 

^32.5 

2 

9 

10 

7+ . . . . 

. . . 3j 


1 

7 


55.0 


M5 0 


Died 


1 

4 


The diagnosis of typical pneumonia was established in every case bj’’ the 
natural history of the disease and the findings on physical examination. When 
indicated, the diagnosis was confirmed by roentgen studies. Pneumococci 
were isolated from the sputum or blood stream of 134 patients (70 sulfamera- 
zine, 64 sulfadiazine). 'A specific type of pneumococcus was recovered from 
73 of the cases (35 sulfamerazine, 41 suKadiazine). A higher incidence of typed 
pneumococci would undoubtedly have been obtained had we employed typing 
as a routine procedure. Instead, typing was done on those pneumococci 
isolated from the blood stream and those found in the sputum samples of 
seriouslj'^ ill patients. In 26 cases (10 sulfamerazine, 16 sulfadiazine) we were 
unable to confiim the clinical diagnosis of a pneumococcic infection bj’’ con- 
vincing bacteriologic studies because sputum samples were either unobtainable 
or else failed to yield pneumococci on stained smear and culture of the sputum. 
Repeated blood counts, urinalyses, blood cultures, and determinations of free 
and total drug in the blood plasma were made in all patients receiwng sulfa- 
merazine or sulfadiazine. Other laboratoiy studies were carried out as indi- 
cated. 

Dosage. With sulfamerazine, two dosage schedules were employed: an 
initial 3 gm. dose by mouth was followed bj’' 1 gm. everj’’ 6 hours in the first 
23 patients treated; the remaining 57 patients received the 1 gm. dose eveiy 
8 hours. \Yith sulfadiazine, the dose schedule was the same as that used with 
sulfamerazine, except that all of the patients in this group were given 1 gm. 
every 6 hours. The average total dosage for the successfully treated patients 
receiving sulfamerazine was 24.4 gm. (4 gm. daily for 5.6 days), or 22.7 gm. 
(3 gm. daily for 6.5 days), as compared with 30.8 gm. for the sulfadiazine 
treated group (4 gm. daily for 7 days). In certain instances, when a rapid 
elevation of the blood level^ of either drug was desired, the initial 3 gm. of 
drug was given by vein. A o% solution of the sodium salt of sulfamerazine or 
sulfadiazine in sterile distilled water was employed in such cases. When sulfa- 
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merazine or sulfadiazine failed to bring about a favorable clinical response 
vdthin 36 to 48 hours, the patient was usually given specific serum. Of the 
160 patients included in this report, 12 (6 sulfamerazine, 6 sulfadiazine) 
received serum together vith chemotherapy. In addition, a single case in each 
therapeutic group was given penicillin. All patients received at least 2500 cc. 
of fluid during each 24-hour period, and those treated with sulfadiazine were 
given either sodium bicarbonate or sodium citrate^ in an amount equal to 
that of the drug. 

Therapeutic Results. The results of treatment in the 2 therapeutic 
groups are shown in Table 3. Of the patients treated with siilfamera- 
zine, 6 died, and in the sulfadiazine treated group, 8 died, the mortality 
rates being 7.5% and 10%, respectively. Eighteen patients witii 
bacteremia w:ere treated with sulfamerazine and 6 of these died (33.3% 
mortality). In the sulfadiazine treated group, 4 of the 22 bactereniic 
patients died (IS.2% mortality). The fatal cases are analyzed in 
Table 4. 

Table 3. — Bistbibution of Types, Bacteremia, and Mortality Rates 


Sulfamerazine treated 

Sulfadiazine treated 

Bacteremic 

All cases cases 

Bacteremic 

All cases cases 


Type 

No. 

Died 

No. 

Died 

*No. 

Died 

' No. 

Died 

I . . . . 

G 


3 


10 

2 

4 

1 

II ... . 

3 

1 

1 

1 

6 


4 


Ill ... . 

3 

1 

2 

1 

2 


1 


Group IV . 

. 21 

4 

12 

4 

24 

3 

13 

3 

Others . 

. 47 




3S 

3 



Total 

. SO 

G 

IS 

G 

SO 

S 

22 

4 

Mortality % . 

7 

.5 

33 

3 

10 

0 

18 

2 


In evaluating any therapeutic agent clinically, one must consider 
the effect of the agent on the course of the disease, as well as its influence 
on the mortality incidence. As shown in Table 5, a critical drop in 
temperature occurred within 24 hours in 51.4% of tlie patients treated 
with sulfamerazine, as compared with 30.6% of the patients in the 
sulfadiazine treated group. \Yithin 48 hours, 77.1% of the patients 
receiving sulfamerazine and 66.7% of those treated with sulfadiazine 
showed a critical drop in temperature. The temperature returned to 
normal within 24 hours in 17,5% of the patients in the sulfamerazine 
treated group and in 15.3% of the patients receiving sulfadiazine. 
Within 72 hours a return to normal temperature occurred in 72.0%. 
and 59.8% of patients in the sulfamerazine and sulfadiazine groufjs 
rcsi)ectively. 

Complications. The incidence of complications was low (7 cases, 
4,4%) for the entire scries of 160 patients (Table 6), 2 (2.5%) occurring 
in the sulfamerazine and 5 (6.3%) in the sulfadiazine treated grouf). 
Three cases (1 sulfamerazine, 2 sulfadiazine) developed cndoairditis: 
all of these patients died. Empyema occurred in 3 sulfadiazine treated 
cases with no deaths. A single patient receiving sulfamerazine devel- 
oped meningitis and failed to recover. In this siib-grr)tip ail jjatierits 
with the exception of the c^asc with meningitis were started on drug 
therapy after the 6th day of the disease. 
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Table 4.- 

—Analysis of Fatal Cases 

No. 

Age 

(yrs.) 

Day of 
disease 
treatment 
begun 

Type 

Blood 

culture 

No. Total Total 

of lobes drug serum 

involved (gm.) (units) 

Remarks 

1 

46 

1 

XXV 

Pos. 

Sulfamerazine 

3 56 200,000 

No response to treatment; aut,: lobar 

2 

6t 

5 

xvr 

Pos. 

2 22 

pneumonia of entire right lung 

Cardiac failure on adm.; no autopsy 

3 

41 

2 

11 

Pos. 

2 33 200,000 

Rt. phthisis bulbte, pansinusitis on adm.; 

4 

S3 

7 

VIII 

Pos. 

5 15 100.000 

purulent ophthalmitis 4th day; convul- 
sions on 13th day; aut: resolving lobar 
pneumonia, meningitis, purulent sphen- 
oiditis 

Chr. alcoholism; no response to treatment; 

5 

61 

28 

XII 

P03, 

3 36 100.000 

aut.: lohar pneumonia of all 5 lobes 

Clin, picture of ac. bact. endocarditis; scr- 

6 

58 

7 

III 

Pos. 

3 8 100.000 

um sensitive; received penicillm 250,000 
units; no aut. 

Moribund on adm. with leukopenia; aut.: 

1 

50 

10 

VII 

Pos, 

Sulfadiazine 

2 19 

lobar pneumonia of both lower lobes. 

Responded well to treatment; developed 

2 

61 

4 


Neg, 

1 8 

ac. pulm. edema, sudden death; no aut. 
Moribund on adm.; no response to treat- 

3 

44 

7 

I 

Neg. 

4 7 100.000 

ment; died in 36 hrs,; aut.: lobar pneum. 
Moribund on adm.; no response to treat- 

4 

68 

20 


Neg. 

2 27 

ment; died in 30 hrs.; aut.: lobar pneum. 
of entire right lung and left lower lobe 
Responded well to treatment; drug stopped 

5 

54 

5 

XI 

Pos. 

4 11 

on 6th day; died on 9th day, cardiac 
decomp.; no autopsy 

Moribund on adm.; no response to treat- 

6 

63 

21 

XXIV Pos. 

3 23 120.000 

ment; aut.: lobar pneumonia involving 
4 lobes 

No response to treatment; penicillin 

7 

S 

34 

45 

4 

20 

r 

Pos. 

1 22 

3 51 

160,000 units; aut.: rcsoi\dng lobar 
pneum., ac. bact. endocarditis 

Ac. pulm. edema on adm.; on response 
to treatment; aut,: lobar pneumonia 
Diabetes mellitus; initial response to treat- 


ment, then relapse; aut.; resohing lobar 
pneumonia, ac, bact. endocarditis 


Table 5.— Effect op Treatment on Temperature Response (146 Cases)* 


Sulfamerazine treated 


Sulfadiazine treated 


% 


No. 


% 


Critical fall in temperature: 

No. 

Within 24 hours 

. 38 

Within 48 hours 

. 19 

Over 48 hours 

. 17 

Temperature at normal level: 


Within 24 hours 

. 13 

Within 48 hours 

, 28 

Within 72 hours 

. 13 

Over 72 hours 

. 20 


* All deaths excluded* 


51.41 

^77.1 

22 

30.6 

25.7 J 

26 

36.1 

22.9 


24 

33.3 

17.5^ 


11 

15.3 

37.9 ' 

^72.9 

20 

27.8 

17.5 ’ 


12 

16.7 

27,1 


29 

40.2 


Table G.— Incxdence of Complications and Toxic Reactions (160 Cases) 

Sulfamerazine treated Sulfadiazine treated 


Complications 

No. 

% 

No. 

% 

Endocarditis . 

. 1 

1.3 

2 

2.5 

Empyema . , . . 

• # • 


3 

3.S 

Meningitis 

. 1 

1.3 



Total 

2 

2.5 

5 

G.3 

Toxic reactions 





Vomiting , . , . 

o 

2.5 

o 

2 5 

Hematuria (micro.) . 

. 3 

3,8 

4 

5.0 

Psycliosis , . , . 

1 

1.3 



Drug fever . . . 

1 

1,3 

2 

2.5 

Total . . , . 

7 

S.9 

S 

10.0 
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Toxic Reactions. In this series of 160 patients the incidence of toxic- 
reactions attributable to either drug was small (9.4%) and comparable 
for the two therapeutic groups (Table 6). Vomiting was noted in 2 
patients in each group, but in no patient was it necessary to stop drug 
therapy since the symptom was transient. Microscopic hematuria was 
encountered in 3 patients receiving sulfamerazine and in 4 patients 
treated with sulfadiazine. Crystalluria w*as detected in approximately 
15% of each group. No cases of gross hematuria, anuria, or renal pain 
were observed wdth either drug. The diagnosis of a drug psychosis 
was made in a single patient who was treated with sulfamerazine. 
Drug fever developed in 3 patients (1 sulfamerazine, 2 sulfadiazine). 
Repeated blood studies showed little evidence of a marked reduction 
in hemoglobin, red blood cell, or white blood cell counts tliat could be 
attributed to either drug.* No skin rashes were observed. 

Blood Concentration of Sulfamerazine and Sulfadiazine The average 
concentration of free sulfamerazine in plasma as shown by daily 
determinations during the entire period of treatment was 12.7 mg. 
per 100 cc. (4 gm, daily), and 10.9 mg, per 100 cc. (3 gm. daily), com- 
pared with an average concentration of free sulfadiazine in plasma of 
7.9 mg. per 100 cc. (4 gm. daily). 

Comment. Sulfamerazine and sulfadiazine are both effective drugs 
in the treatment of pneumococcic pneumonia. The mortality of 7.5% 
in the sulfamerazine group and 10% in the sulfadiazine group compare 
favorably when al! of the factors influencing fatality are considered.-^ 
Clinical response, as manifested by a fall in temperature, was slightly 
more in evidence with sulfamerazine than with sulfadiazine; and this, 
we ])elieve, may be related to the more rapid rise and higher concen- 
trations in blood attained by sulfamerazine as compared with sulfa- 
diazine.^-® 

In both therapeutic groups there was a low incidence of toxic mani- 
festations (none of which was serious) following the use of these drugs. 
It is to be remembered, however, that the hazard of severe toxic 
reactions increases with the prolonged use of both sulfamerazine*-* 
and sulfadiazine.^ In this series of pneumonia cases most patients 
required no more than 20 to 30 gm. of either drug, extending over a 
period of approximately 6 days. We believe that this explains in 
part the low incidence of toxicity encountered in this study. 

Summary. 1. Sulfamerazine was given to SO adult patients with 
pncuniococcic pneumonia and the response was compared with that 
of a control series of SO adult patients treated with sulfadiazine. 

2. ^Mortality in the two therapeutic groups showed no significant 
difference (sulfamerazine 7.5%, sulfadiazine 10%). 

3. Sulfamerazine tended to lower the temperature somewhat more 
rapidly than did sulfadiazine; however, the duration of chemotherapy 
and the incidence of complications were essentially the same for the 
two groups. 

* Dr. WnUrr J. Crnrkcr, Clsirf of tho Divi-tion of CUni^-nl ratfio!o2:\* of tho 
torio^ of the rhil.-ifirlp’iiri Gcrirral roopomtod tlsr* nutbor* in 

tho v<*ork. 
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4. The incidence of toxic reactions was low and comparable for 
both sulfamerazine and sulfadiazine. No serious reactions were 
encountered with either drug. 

5. The group treated with sulfamerazine showed higher plasma 
concentration of free drug than did the group receiving larger or 
equivalent amounts of sulfadiazine. 

Valuable assistance in. the conduction of this study was rendered by Miss Rita Fen- 
wick, R.N. 
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TISSUE CULTURE STUDIES ON CYTOTOXICITY OF BACTERICIDAL 

AGENTS 

m. Cytotoxic and Antibacterial Activity of Gramicidin 

AND PENICILLIN; COMPARISON WITH OTHER GERMICIDES 
By Wallace E. Herrell, M.D, 

DIVISION OF MEDICINE 
AND 

Dorothy Heilman, M.D. 

DIVISION OF EXPERIMENTAL MEDICINE 
ROCHESTER, MINN. 

(From The Mayo Clinic and The Mayo Foundation) 

In the first paper of this series® a report was made of the relative 
toxicity of certain bactericidal agents as determined by their influence 
on the extent of migration of lymphocytes in tissue culture preparations. 
We reported also on the antibacterial activity of these agents on Gram- 
positi\'e cocci growing in a tissue culture medium similar to that used 
in the toxicity tests.'*-® It was of interest to compare the bactericidal 
agents of microbial origin with other antiseptics by the use of these 
methods. Many germicides known to be useful for sterilization of the 
skin or other surfaces are not effective against bacteria in the presence 
of serum and tissue extract. Likewise, many germicides are quite 
toxic for tissue cells although they may be used safely on the skin. 
As a result, the choice of germicides that might be compared with 
gramicidin and penicillin under these conditions was limited. iSIerthio- 
late was included because it prevented the growth of bacteria under 
the conditions of the test, even though it is known that the tissue 
toxicity of the mercurial compounds as a class is rather high. One 
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member of the sulfonamide group of drugs was tested althougii it was 
assumed that the inhibitors present in the tissue culture medium would 
affect its activity greatly. The other two germicides studied were 
zephiran* and phemerol,* two synthetic detergents, both of them being 
cationic, quaternary ammonium compounds. 

The results of cytotoxicity tests with penicillin were taken from the 
first paper of this series.® TJiese tests were not repeated because they 
required the use of rather large amounts of penicillin. The same 
sample of penicillin was used in these tests and in the bactericidal tests 
reported in the present study. 

Experimental. The^ method of determining the toxicity of each test sub- 
stance has been described elsewhere.^ Tissue was taken under sterile condi- 
tions from the mesenteric bmph node of the rabbit. Explants approximate!}^ 
1.5 mm. across were carefully matched for size and shape and were dmded into 
three similar groups each containing 12 fragments. One group of fragments 
was used in the control series of cultures and the second and third groups Avere 
used in the test series. One test was made with each of several different 
concentrations of each gennicide. It was convenient to test only two dilutions 
of the same germicide or a single dilution of each of tAVo germicides in the same 
experiment. 

The penicillin used in these exT^eriments had a potency of 35 Oxford units 
per mg. Solutions of penicillin in Tyrode’s solution AA’ere prepared and stored 
in solid carbon dioxide. Stock solutions and suspensions of gramicidin were 
prepared as preAUOusly described. Dilutions of mcrthiolate, zephiran and 
phcmerol Avere made from the commercial preparations containing 0.1% of 
each drug in aqueous solutions. Solutions containing sodium sulfathiazolc 
were made in Tyrode^s solution. Solutions containing germicides AA'ere brought 
to pH 7.6 just before the material Avas added to the culture medium. 

Each culture Avas planted on a 22 mm. round coAxrslip and consisted of an 
c.xplant of b’mph node placed in the center of a clot consisting of 1 drop of 
} 2 eparinized rabbit's plasma and 3 drops of a rabbit's serum extract of chirk 
embn^os. An appropriate dilution of the germicide to be tested Avas added to 
the tissue extract at the time the culture AA^as made in an amount equal to a 
tenth of the volume of the final tissue culture clot. A similar solution not con- 
taining the drug (Tyrode's solution, sterile distilled Avater or, in the case of 
gramicidin, Tyrode's solution containing ethyl alcohol) Avas added to cultures 
of the control scries. Cultures Avere incubated as b’ing drops at 37*^ C. for 
24 hours. At the end of the period of incubation the extent of migration of 
hunphocytes was determined by the use of an ocular micrometer at a magnifi- 
cation X 60. The distance from the edge of the original explant to the outer 
limit of migrating cells Avas measured at the AAidcst part of the migration zone. 
The mean migration AA*as determined for each group of 12 fragments and the 
A'alues obtained for the test scries Avere compared Avith those of the control 
series and were expressed in terms of percentage of inhibition. 

The same kind of tissue culture medium Avas used in the bactericidal tests. 
Three strains of Gram-positive cocci Averc employed bec.nusc they represent 
species of bacteria commonly found in local pyogenic infections. The strain 
of D, p7ien77innur Type VII Avas obtainecl from material rcmoA'ctI from an 
empyema caA'ity and the strains of S. nureits and S. pifogcric,^ Avere obtained! 
from the blood of patients siificnnf: from bacteremia. The .strains of D. prim- 
monf.T Tyj>e and S. piio^nirs^ Averc groum on Hartley's horse muscle dige-t 
broth contvaining 10% of horse serum. The .‘itrain of S. annus Avas rnainfaiin^l 
on Hartley’s broth alone. Dilutions of the liacterial cultures AA'ere inane in 

♦Zephiran the tm4e nnin*' ff>r nlkyl rlimctliyl li^-iuyl ammonium riiloritjr* (nlV:yl-*t‘ * 
to CiP, ,\lhn Phannareuti^n! Compnoy, Phemrro! parn-trriinr>''^^^>'bf'tirnoxy' 
ethoxy-etbyl-dimethyl-tjoniyl nmnionitim cjiloridf' monohyfIfj\tf», P.^rkr. A 

Company. 
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Hartley's broth and added to the tissue extract in the proportion of 1 part of 
a suspension of bacteria in broth to 40 parts of tissue extract. A sufficient 
amount of the original culture was used to cause the appearance of 20 or more 
bacterial colonies in each of the control cultures. 

Dilutions of the gennicide in Tyrode’s solution were added to both the 
heparinized rabbit’s plasma and tissue extract at the time the cultures were 
made. One part of solution containing germicide was added to 9 parts of 
plasma or tissue extract. Similar amounts of a corresponding solution not 
containing germicide were added to control cultures. Each culture consisted 
of 1 drop of plasma and 3 drops of tissue extract placed on a 22 mm. round 
coverslip. Four cultures were prepared for each experimental condition. 
Cultures were incubated at 37° C. for 48 hours. At this time the presence of 
bacterial colonies was determined by examination with a dissection microscope 
at X7 magnification. The least amount of germicide that would completely 
prevent the appearance of bacterial colonies in all four cultures after incubation 
for 48 hours was determined for each bacterial strain tested. Two independent 
determinations of the end-point were made for each gennicide. 

Eesults. The results obtained in the tests on cytotoxicity are pre- 
sented in Figure 1. Although considerable variation may exist in the 
determination of the percentage of inhibition taking place for any 
particular amount of germicide used, the general relationship between 
these drugs is fairly represented in the figure. Merthiolate is seen to 
be the most toxic. The use of 60 pg. per cc. of the drug produced a 
72% inhibition of the migration of lymphocytes in 24 hours, Zephiran 
and phemerol were next in order of toxicity. The use of 100 (xg. per cc. 
of gramicidin produced but a 24% inhibition. Penicillin and sodium 
sulfathiazole were the least toxic, it being necessary to use several 
hundred ng. per cc. of each before any effect was noted. 


Table T— Amount of Germicide (Micbograms ter Cc.) Causing Inhibition 

OF Bacteria 

Organism* 


* 

t 


Germicide 
Penicillin . 
Gramicidin 
Merthiolate 
Zephiran 
Phemerol 

Sodium sulfathiazole 


B. pneumontJE 
Type VII 

. 3.0 

0.6 
. 25,0 

. 25.0 

. 25,0 

. 1000 


3. ctureaa 

5 

100 

50 

20 

16 

Inhibition t 


3. pyogenes 
5 
10 
50 
8 
10 

Inhibitionf 


Two experiments were carried out for each germicide on each organism. 
Not complete with 2500. 


The results of bactericidal tests are presented in Table 1. Penicillin 
was very effective against all three bacterial strains. Small amounts 
of gramicidin prevented the growTh of pneumococci and hemolytic 
streptococci but comparati\'ely large amounts were necessary to pre- 
vent the g^o^Yth of staphylococci. Gramicidin has been found to be 
even less inhibitor.^’^ for fi\'e otlier strains of S. mireiis that we ha\'e 
tested. On the other hand, zephiran and phemerol were quite effec- 
tive against S. aurcxis as well as against the other two test organisms, 
hlorthiolate was as active as the two detergents in preventing the 
growth of imeumococci but larger amounts v.-ere needed to inhibit 
staphylococci and liemolytic streptococci. Sodium sulfathiazole was 
relatively ineffective against S. aurem and 5. jyyogencs and it was 
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necessary to use 0.1% of this drug to prevent the growth of pneu- 
mococci. 

Under these conditions penicillin again was found to be superior 
to other germicides because of its bactericidal activity against Grain- 
positive cocci and its low toxicity for tissues. Tlie cytotoxicity of the 
two detergents tested was not very much greater than that of gramici- 
din and their bactericidal activity compares favorably with that of 
gramicidin. 



Amount of dru^, microj^rams per cubic centimeter 
Fig. 1.— Cytotoxicity of various concentrations of bactericidal ajrcnts. 



Fn*. 2. - Cytotoxicity of pcmiiridcs in concentrations expre^-cd in inuUip1c<( of tl»c 
pdven drup: neccs’<ar>* to inhibit />. pnnnnoni:i\ 

Figure:^ 2, 3 aiul 4 represent the rcciilt of tlie cornbiiiatir)!! of data 
given in Table 1 and I'igure 1. Figure 2 reprt'^enls tlie order of eyto- 
toxicity of the gerniicuk*s .studied, ^vith the exception of penicillin, ift 
terms of the amount of drug nece>sary to inhibit pneurnocficci. "1 he 
amount of drug u?ed in each cytotoxicity test is expres<(‘ri as llie ratio 
of the actual amount of drug ti.<ed in the test to the amount hacteru'idaf 
for 7). pnrumonh:. Thus, if the amount u>cd in a t/>xicity tc-t va'^ 
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80 ng. per cc. and 20 fig. per cc. of the germicide was bactericidal for 
the strain of pneumococcus used, then the value was expressed as 
4 bactericidal units in Figure 2. Figure 3 presents the toxicity of the 
germicides studied in relation to the amount of each one necessary to 
inhibit S. aureus, and Figure 4 is a similar representation in relation to 
the amount of each agent necessary to inhibit 5, -pyogenes. The tox- 
icity of penicillin was so low compared with its bactericidal activity 
that the values obtained could not be included conveniently in Fig- 
ures 2, 3 and 4. 



Fig. 3. — Cytotoxicity of germicides in concentrations expressed in multiples of the 
amount of the given drug necessary to inhibit S. aureus. 



Fig. 4.— Cytotoxicity of germicides in concentrations expressed in multiples of the 
amount of the given drug noccssarj- to inhibit 5. pyogenes. 


Baker, Harrison and Miller' have shown that the cationic detergents 
are frequently more bactericidal than the anionic detergents and that 
they arc effective against Gram-positive and Gram-negative species. 
Zephiran and pheracrol are cationic detergents and are effective in 
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small amounts against the Gram-positive cocci tested. They, like 
some other detergents, are hemol}i:ic in small concentrations in the 
presence of serum and therefore could not be used with safety by the 
intravenous route. 

We have previously pointed out^ some of the biologic similarities 
between gramicidin and the anionic detergents. Baker, Harrison and 
IMiller^ have shown that the ability of gramicidin to decrease the respi- 
ration of bacteria is inhibited by the addition of denial, a unionized 
detergent capable of inhibiting the activity of anionic and cationic 
detergents alike. In accord with this observation, we have found 
that a bactericidal amount of gramicidin is rendered ineffective against 
pneumococci growing in the tissue culture clot if it is first mixed with 
a bactericidal amount of tlm cationic detergent, phemerol.-* Bacterio- 
stasis results only when an excess of either phemerol or gramicidin is 
present. These findings contraindicate the simultaneous use of grami- 
cidin and a cationic detergent but do not necessarily contraindicate 
the use of gramicidin in the presence of the anionic S3‘nthetic detergents 
or any of the ordinary soaps. The antibacterial activity of penicillin 
was not inhibited by either gramicidin or the two cationic detergents, 
phemerol or zephiran. 

Conclusions. A comparison has been made of the bactericidal and 
cytotoxic activity of gramicidin, penicillin and a few of the commonly 
used antiseptics. For the three organisms tested, namely, one strain 
eacli of jmeumonm, S. anremand S. j>yogcncSi peiucillin was superior 
in germicidal properties to the other agents. 

While gramicidin is effective in small amounts against 7). ynenmonix 
and S. pyogenes, it is relativeh* ineffective against S. aureus. On the 
other hand, zephiran and phemerol are quite effective against S, aureus 
as well as against the other two test organisms. Furthermore, peni- 
cillin is superior to the other germicides tested l)ecause of its low toxic- 
it\' for tissues. Gramicidin produces less toxicity for tissue than the 
other germicides studied with the exception of penicillin. Of the other 
germicides, the two detergents, phemerol and zcpliiran, compare quite 
favorabU' with gramicidin in regard to their cytotoxicitv. 

The antibacterial activity of gramicidin, wliich beliaves like an 
anionic detergent, can be neutralized by a cationic detergent, phemerol. 
The simultaneous use of gramicidin and a cationic detergent in the 
treatment of infections is, therefore, contraindicated. Timrc is no 
c*ontraindicntion to the simultaneous use of gramicidin witlj j>enicillin 
or the anionic detergents including the ordinary soaps. 
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PROTRUDED INTERVERTEBRAL DISK AND HYPERTROPHIED 
LIGAMENTUM FLAVUM. CRITERIA FOR DIAGNOSIS 
AND INDICATIONS FOR OPERATION 

With Analysis of 50 Surgically Treated Cases* 

By Joseph C. Yaskin, M.D. 

AND 

Anthony S. Tornay, M.D. 

PHILADELPHIA, PA. 

(From the Department of Neurology, Graduate School of Medicine, 
University of Pennsylvania) 

The concepts regarding the mechanism and management of low- 
back pain and the so-called sciaticas have in the past several decades 
reflected the advances of accurate knowledge as well as fads in medical 
practice. The gynecologic surgeon at one time sacrificed many normal 
organs in a futile attempt to relieve these symptoms. Suspension of 
viscera, especially the kidney, had its flare. Then followed the uni- 
versally accepted concepts of sacro-iliac and lumbosacral sprains, the 
myositis of the Scandinavians, the fibrositis and fasciitis of the 
British and the focal infections of the Americans. All these concepts 
served some purpose and most of the patients apparently improved or 
recovered even though scientific proof of the validity of the concepts 
was frequently missing. In more recent years the deficienc}’’ states 
have received their share of attention and in the last 2 or 3 years the 
protruded intervertebral disk has become most prominent. 

The clinicians for years have sought anatomic explanations for the 
puzzling problem of the low-baek pain and sciatica. Garnett and Bates^ 
long championed the concept of intercostal neuralgia, feeling that the 
nerve irritation was mechanical in nature and in the proximity of the 
intervertebral foraminte. Felling,® based on his studies of a large num- 
ber of cases, felt that many of the so-called sciaticas are really forms of 
radiculitis. With a better knowledge of the specific inflammatory 
lesions of the roots as in tabes dorsalis, and in compressive lesions as 
in extramedullary spinal cord conditions, a better understanding of 
root irritation was obtained. It is therefore surprising that lesions of 
the intervertebral disks should have received so little attention until 
recent years. 

The intervertebral disks make up about one-quarter of the entire 
length of the vertebral column and in the lumbar region are relatively 
larger, constituting about one-third of that part of the spinal column. 
Considering the anatomic makeup of the disks and the role they play 
in movements of the lower spine, it is not surprising that they are often 
the seat of disease or injury. Although attention was called to disease 
and injury of the disks as far back as 1896' and although cases of pro- 
trusion have been described as chondromas by many authors,® it was 
not until 1934 that Mixter and Barr® established the protrusion of the 

* Presented as n part of .a sjuiposium on the protrusion of intcrv-ortebral disk, before 
the Orthopedic Club of Philadelphia, on November 12. 1942. 
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disk as a definite clinical entity. Since then it has become progressively 
more popular* reaching the point where some neurosurgeons^ regard 
sciaticas and recurrent low-back pain as being almost universally due 
to a protruded disk. 

Based on our experience we feel that the recognition of the protruded 
disk is an important practical addition in the management of the 
troublesome low-back pain and sciaticas. However, we feel that it h 
by no means the only important cause of this syndrome and that there 
is definite need for conservatism in diagnosis and management. It is 
with this in mind that we are reviewing 50 verified cases* each of whicli 
was personally studied by one of the authors and many by both. 
An attempt will be made to establish some criteria for diagnosis and 
treatment, and more particularly point out some pitfalls in the man- 
agement of these cases. Xo attempt is made to review the literature, 
since this has been magnificently covered by Bradford and Spurling.^ 

Anatomy. The gross pathologic changes as observed at operation 
consist of one or more of the following: 

1 . Lateral protrusion of the nucleus pulposus with or without rupture 
of the annulus fibrosus are the most constant findings. The ratlier 
strong firmly attached posterior longitudinal ligament favors (he 
lateral ratlier tlian the median protrusion. The protrusion is usually 
unilateral but may be bilateral. The lateral protrusion causes pressure 
on the .spinal roots and explains the so-called '‘sciatic” pain. 

The gross appearance of the excised disk depends on wlicther or not 
it was removed en masse or in several fragments. Removed in one 
piece, it measiires from 0.5 to several centimeters and appears to con- 
sist of fibrous tissue which makes it look like wet, rolled up blotting 
paper. In addition there are often small, soft, pointed processes with 
a shiny .surface. When it is removed in fragments, tlic appearance is 
less striking. The excised material is grayish white and. while usually 
soft, may be quite firm. 

2. The lateral lierniations arc often productive of adhesions if tlicy 
have ruptured through the annulus fibrosus. These adhesions may 
occur between the nucleus and root, or between the root and tlie liga- 
ment uin flavuin. The density of the adhesions increases with the 
longevity and severity of the symptoms. In a few cases where the 
root sheaths were opened, dense adhesions were found within, matting 
together the fibrils and these in turn to the .meninges. This may 
explain tlie residual symptoms in some of the cases. 

3. Small herniations in the midline without rupture of the annultn 
fibrosus with little or no root ccmipression were cneoiintererl in some 
ea.-es. These cast's wert^ associated with cf>nsiderab!e backache and hut 
little pain in the lower limhs. 

4. Hypertrophy of the ligamenturn flavuin associated with a herni- 
ated nucleus pu!posu> is an almost et)nstnnt fiiuling. The only ease- 
where it was (conspicuously not hypertrophied were tfie acute ca-e4. 
The hypertrophy of the yellow licamcnt s(‘emed to hear a relation^ilup 
in decree to the length and s(‘Vcriiy of the nymptfun'^. particularly 
tluwe involving the back and it> musculature. 
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Location of Sympfo772s. The iriitial symptom in the majority of cases 
was located in the back, usually in the middle and paravertebral por- 
tions of the back. Rarely was it unilateral and only in 9 cases did it 
radiate down one limb. Later in the course of the process backache 
still remained a prominent feature; but pain in the legs occurred in 49 
of the cases, usually being unilateral. 

Character of Pain and Aggraiaivjg Factors. The pain is usually deep, 
unaccompanied by nerve or superficial tenderness, and always aggra- 
vated by one or more of the several factors such as bending, sneezing 
and coughing, lifting, etc. One has the impression after examining 
these patients that unlike spinal cord tumors or inflammatory lesions 
the pain is mechanical in nature. 

Degree of DisahiliUj. Of the 50 cases, 42 had a major disability, /. r., 
were unable to pursue their work and required sedatives and some 
narcotics. Those moderately disabled could get along but had some 
pain, especially backache. 

It should again be noted that backache is nearly a constant sraiptom 
in displaced disk, biit unless it becomes severe tlie patient does not 
regard it as a real disability. 

Ohjcctirc Abnornialiiics. Though each patient received a detailed 
somatic and neurologic examination, only the more frequently encoun- 
tered abnormalities are recorded here. Fortunately, these observations 
require but a few minutes to elicit. An inspection of the back and 
of the two pelvic crests followed by palpation and testing the mobility 
of the spine gives most valuable information, Tlie following findings 
were noted: diminished lordotic curve, 47; tilting of pelvis, 30; 
muscle spasm, 4S; alteration of knee reflexes, 9; alteration of Achilles 
reflexes, 21; hypesthesia, 4; Lasegue sign positive, 42 (bilateral, 22; 
unilateral, 20). 

Each of these signs are, of course found in conditions other than the 
protruded disk. However, the occurrence of most of them in the .‘^arne 
patient plus the suggestive historical data, and the exclusion of other 
<lisease makes these findings extremely important in diagnosis. 

It should be stressed that the Lasegue test beliavesratluT peculiarly 
in some of these conditions, in that testing the contralateral leg gives 
rise to tlje inability to extend the tested leg, but pain in tlic opposite side. 

Again it is worth stressing that sciatic nerve tenderness, so frequently 
r)!>served in neuritis, was rarely seen in this series. 

In addition, there were neurologic ahnonnalitity of relative infre- 
quency: There was 1 case of atrophy of the thigh and there were 3 
with weakiK^s and atrophy of one foot. One case had definite sf)lnn<’t»‘r 
disturhnnt't's. 

We learned in routine testing that normally the musch‘s the UU 
big toe, especially the extensors, are flefinitely wf*^lkc^ than tli<»?e of the 
right big toe. 

During the last 2 years we iiave used some of the newer tests v;hiHi 
may prove of some value. One of thi>e fsui-ists in flexing the chin 
uiKUj the slermnn, and the other in <s>mpn-SMng the jugular 
Both of liu*se tfS'ts proveii of no more than amfinnatory value. 
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Contrad Medium Studies. In the beginning only lipiodol was used 
as a contrast medium. More recently only air has been used. With 
few rare exceptions the air m^’^elogram is a reliable diagnostic pro- 
cedure. Air studies are unsatisfactory in the examination of lesions 
between L-V and S-1 and often in the cervical swelling of the spinal 
cord. Of the 42 oil medium studies, 3 were negative (1 disk L3 and 
L4; 1 disk L4 and L5; 1 negative exploration). Of the 9 air studies, 
2 had both oil and air (1 negative on Roentgen ray study had a disk 
at L4 and L5). 

It cannot be too strongly stressed that the radiologist who attempts 
these studies must be conversant with the various phases of the problem 
in order to attain a necessary technique and correct interpretations. 

Table 2. — Operative Findings and Results 


Operative findings: 

Protruded disks only .40 

Hypertrophied ligamentum flavum 7 

Protruded disks and hypert. lig. flavum 6 

Herniation of annulus fibrosus 1 

Negative exploration 2 

Location of protruded disks: 

L4~L5 23 

L5-S1 10 

L3-L4 8 

L2-L3 4 

D12-L1 1 

Multiple disks 5 

Location of hypertrophied ligamentum flavum : 

L4-L5 7 

L5-S1 4 

L3-L4 1 

L1-L2 2 

Results: 

Recovered 36 

Improved 6 

Unimproved (causes of failure in the S cases) .... 8 

Associated psychoneuroses 3 

Vascular disease of lower limbs 2 

Appearance of disk symptoms elsewhere ... 1 

Associated degenerative disease of spinal cord . 1 

Cause unknowm 1 


operative Findings and Residfs (Table 2). The location of the disks 
is quite in keeping with the larger statistics published by others. The 
negati^’^e explorations are not a source of great concern since these 
patients were operated on early in the experience of the surgeons and 
free manipulation was not used to extrude the injured disks. 

Some of the cases of hypertrophied ligamentum flavum represented 
patients who were disabled for only a short time and who were operated 
against the choice of the senior author of this paper. 

Tlie results appeared gratifying in 36 of the 50 cases. Generally 
speaking, those who suffered longest and hardest gave the most 
gratifying results. But even among these 36, Avhile the pain radiating 
down the leg was relieved, some backache remained, though not as a 
prominent symptom. Dr. Grant points out that prior to the operation 
the patient has so much suffering that he does not mind the slight 
backache due to the poorly functioning back which the operation did 
not correct. 
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One should not be overly optimistic about these results, however, as 
not enough time has elapsed to draw final conclusions. 

Of the S failures, some of the patients had associated disease which 
may account for the continuation of the symptoms. These undoubt- 
edly represent errors in diagnosis and judgment. In some eases, 
perhaps, adhesions were too extensive or formed again after operation. 

Comment. Problems in Diagnosis. The analysis of the 50 cases 
operated upon indicates that the protruded disk and hypertrophied 
ligamentura flavum present fairly uniform historical data and objective 
abnormalities. It occurs most commonly in the fourth decade with a 
history of some form of trauma in more than 50% of cases. Low-back 
pain and pain in one or both extremities was recorded in most eases. 
This pain is mechanical in character with fairly constant aggravating 
factors. The average duration was over 4 years and intermissions were 
observed in more than half of the cases. The most constant objective 
abnormalities include the diminution of the lordotic curve, tilting of 
the pelvis, muscle spasm, positive Laseguc sign and alterations of the 
reflexes. 

The above fonnnIatio?i is fairly uniform and suggestive hut not 
pathognomonic of the protruded disk and hypertrophied ligament. 
Indeed, many other conditions have similar clinical liistory and objec- 
tive abnormalities; in the final analysis, the diagnosis depends to a 
great extent, on the exclusion of other conditions. Therefore, before 
arriving at the diagnosis of a herniated disk, especially before advising 
operation, the clinician should he mindful of and rule out the following 
conditions, whicli can be conveniently divided into: 

CoXDITIOXS TO BK rOXSinEREI) IX DiKFEUKXTIAB DiAOXOSIS. 
Orfhopedir Conditions, Spinal anomalies, spondylolisthesis, snero-iliae 
disease, lumhosacral disease, inflammations and neoplasms of the 
vertebral column, disorders of the articular facets, infections of tlie 
soft tissues (myositis, filwositis, fasciitis), spasms of the fascia lata 
and pyrifonnis muscles. 

Primarif Xrurologic Conditions, Xeuritis, radiculitis, ganglionitis 
(including herpes zoster), lesions of the eauda equina and of tlie spina 
cord, with special reference to specific infections and tunmr.s. 

Visceral Disease, Posterior peritoneal cavity and pelvis, (‘specially 
lower genito-urinary tract, prostate and rectum. 

Systemir Processes, Focal infections, deficiency .states. 

Psyclinlgias, 

TIhtc arc many pitfalls in diagnosis. The many and varied ren- 
ditions which thr^ protruded disk may simulate, requires the rlinh’mn 
to lie cf>nversaiit with the nr>nnal and abnormal structure and func- 
tion of the various parts invoIvi*fl and a close familiarity with r^r at 
least consc^oll^nt^'^s of the many diagnfKtir pn^blem-^. ft tleTr^lore 
surprising to learn that some clinicians regard the d^as:IH^•'i‘^ ol a 
protrurh^l disk a simple rnattrT. 'Fo the author- it tliat tic* 

niter dbn^gard of (H^ntrast nu’dimii stiuiir's prior to op^Tath)n^for iIi** 
majoritv of ca-^'s is at prr*^ent untenalde. 
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Therapeutio Problems. It is evident that protruded disk has existed 
in most cases for a long time before the laminectomy and some patients 
must have got well without spectacular surgery. It is generally agreed 
by most neurosurgeons that the acute back condition, rnuscle spasm, 
tilting, and so on, is not a neurosurgical problem. Most of these cases 
recover with rest, traction, physical therapy, and so on. Most have 
no recurrences and some have mild recurrences which are a source of 
brief disability of varying degree. 

Another consideration is the effectiveness of the laminectomy in 
relieving the disability produced by the protruded intervertebral disk. 
The analysis of the 50 cases indicates recovery in 36 cases, improve- 
ment in 6 cases and failure in 8 cases. These were operated on within 
the last 3| years and the end-result cannot yet be accurately esti- 
mated. It is possible that some cases, now apparently recovered, may 
have to be otherwise classified in the future. In this connection, the 
reports of other observers are of interest. 

After considering these various factors, the authors feel that no case 
in which the diagnosis is reasonably certain, should be regarded as a 
desirable operative subject, unless (1) previous adequate orthopedic 
and other treatment was afforded for a reasonable time (3 to 6 months) 
without appreciable improvement in the disability; (2) the existence of 
moderate to major disability; (3) frequently recurrent brief major 
disability or recurrent moderate disability for considerable periods. 

Summary. Fifty surgically treated cases of protruded intervertebral 
disk and hypertrophied ligamentum flavum were analyzed from the 
standpoint of history, objective abnormalities, special studies, opera- 
tive findings and end-results. The problems of diagnosis, differential 
diagnosis and treatment were discussed. 

Conclusion. Based on the experience with the 50 cases, the follow- 
ing criteria for diagnosis and indications for operations are suggested: 
(1) Exclusion of other definite causes; (2) suggestive history; (3) 
presence of at least some objective abnormalities; (4) previous adequate 
orthopedic and other treatment for a reasonable time (3 to 6 months) 
with no appreciable improvement in disability; (5) presence of a major 
disability; (6) lasting recurrent attacks of moderate disability or fre- 
quent attacks of major disability; (7) contrast medium studies prior to 
operation for the majority of cases. 
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THE EFFECT OF GLUCOSE ADMINISTRATION IN 
DIABETIC ACIDOSIS 


Bt Howard F. Root, 

AXD 

Thorne iSI. Carpenter, Pn.D. 

BOSTON, MASS. 

(From tlic George F. Baker Clinic, Elliott P. Joslin, Medical Director, Ne\'’ 
England Deaconess Hospital and the Nutrition Laboratory, Carnegie 
Institution of Washington) 

Introduction. The observations to be described were carried out to 
determine the effects of the administration of glucose to patients in 
diabetic coma. Even before the discovery of insulin, certain funda- 
mental principles were successfully employed in the treatment of this 
complication of diabetes. The first was that the rapid metabolic rate 
in acidosis sliould be reduced by rest in bed and the use of a diet low 
in calories. Second, a decrease in the total amount of carbohydrate 
taken was used as a means of reducing the liyperglycemia and thus 
sparing pancreatic function. Tliird, treatment of the accompanying 
shock by the administration of adequate amounts of salt solution was 
considered essential. The object of treatment was primarily to im- 
prove carbohydrate metabolism, since it was recognized that ketosis, 
acidosis and finally clinical diabetic coma resulted from the primary 
disturbance in carboliydratc utilization. The introduction of insulin 
brought about immediate improvement in the results of management 
of diabetic coma and thus confirmed the tenet that control of carbo- 
hydrate metabolism is the essence of successful treatment. Yet 
fatalities still occur, usually in patients in whom outstanding features 
in the course of treatment Imvc been the rise in blood .sugar level in 
spite of insulin or tlie use of glucose solution intravenously or by mouth. 
That diabetic coma is a condition of acute insulin deficiency, the pri- 
mary treatment of which is the provision of insulin in sufficient quan- 
tities, needs little demonstration. Tlic administration of glucose by 
mouth and by vein tliereforc seems unreasonable unless it can be 
shown that glucose thus given is promptly oxidized, thereby reduemg 
the rate of fat metabolism and ketogenesis, or else that the glucose 
thus given is stored as glycogen. If glucose tlnis administereil merely 
a(*cumulates in the intercellular body fluid, the question also ansi's 
whether this accumulation is Itarinless or whether under the r‘ondition< 
of diabetie acidosis the steady rise in the concentration of gluco-e m 
blood and iniercollular fluid is aetiiaiiy imnnful by bringing about a 
still greater degree i^f insulin defielency. Our ol)s(Tvations were 
ried out in the George V. Baker riinic of tlie Nev/ England Dcarom-^ 
IIo-5pita! primarily for the purpose of determining whether or not 
given hy vein or liy mouth during diabetic acidfe-i*^ i*' pronijuly 
oxidized/ 
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Case Studies. Case 1 (19697) a laborer, developed diabetes in October 1940 
at the age of 23 years and came for treatment in early acidosis December 2, 
1940. No diabetic heredity knovm. Present weight 159 pounds dressed. His 
first urine specimen contained 6 % sugar and 3+ diacetic acid. He immediately 
went to the metabolism room at 3 :45 p.m. After he had rested 30 minutes, the 
respiratory helmet was put on. The results of determinations of oxj’'gen con- 
sumption and respiratory quotient are shown in Table 1. 

Table 1. — Metabolism in Diabetic Acidosis Before and After Intake of Glucose 
Case 1 U9697) Oxygen Consumption and Respiratory Qtiotient (B. Q.) 


Period 

Time, 

P.M. 

R. Q. 

O 2 per minute, cc. 

1 

4.30 

0.632 

370 

2 

4.40 

.671 

362 

3 

4.50 

.700 

349 


Average 

.668 

360 = 2429 cals. 


50 gm. glucose, 

5 . 10—5 

at R. Q. = 

.35 P.M., intravenously 

4 

5.56 

.662 

345 

6 

6.10 

.680 

330 

6 

6.25 

.684 

327 

V 7 

6.40 

.666 

333 

^ S 

6.55 

.681 

331 


Predicted heat production (Harris-Benedict) was 1749 cals. 

His actual heat production was thus 39.7% above prediction. 

At the beginning of the test the blood sugar was 200 mg. and the COa content 
of the venous blood was 25 volumes per cent. The value for total acetone 
bodies in the blood (including acetone, diacetic acid and beta oxybutyric acid) 
was 58 mg. per 100 cc. 

It is obvious that in this case the respiratory quotient remained constant^ 
at a level indicating little or no combustion of carbohydrate and that the ad- 
ministration of 50 gm. glucose intravenously did not raise the respirator}’- quo- 
tient during the hour and 45 minutes following the administration of glucose 
solution. No eiddence of combustion of the glucose is present. 


Table 2.- 

-Case 1 

{19697) Metabolism Following Administhation op Insulin 




AND Glucose 

CH combustion* 

Period 

Time, 



per 15 min. 

A.M. 

‘r. Q. 

O 2 per minute, cc. 

gm. 



100 units crystalline insulin at 8:47 a.m. 


1 

9.05 

0.756 

258 

0.92 avg. for 

2 

9.15 

.781 

262 

periods 1-3 

3 

9.25 

.802 

262 



Average .780 

261 ~ 1795 cals, per 24 hrs. 





(R. Q.0.7S) = +2.G% 


50 gm. glucose 

intravenously, 9.44-10,07 a.m. 


4 

10.30 

.871 

266 

2 36 

5 

10 45 

.874 

254 

2.30 

6 

11.00 

.895 

266 

2.77 

7 

11 15 

.781 

301 

1 07 

S 

11.30 

.094 

320 

0.00 


* In cnlcuhition assumed 15% of O; consumption (avg. basal O:) was due to protein 
combustion. 


The contrast between the effect of glucose administration in acidosis and 
after recovery aiijicars in the ne.vt observations. During the interval between 
his admission on December 2 in early acidosis and December 10 he received a 
diabetic diet containing carbohydrate 160 grams, protein SO grams and fat SO 
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grams and an insulin dose that, during the days preceding the test on Dcceinhcr 
10, included 32 units of cr 3 *stalline insulin and 36 units of protamine zinc insulin. 
On the morning of December 10 the metabolic observations in the subjoined 
table were made. One hundred units of ciA^stalline insulin were given at 8:47 
A.M. Then the respirator^' quotient was determined during tlio fasting period. 
This was followed by the intravenous injection of 50 grams of glucose after 
Avhich respiratory' quotient measurements were continued for two hours. 

It will be seen that the respiratory' quotient promptly rose from 0.7S0 to a 
maximum of 0.895 at 11 :00 a.m. Carbohydrate (CH) combustion per 15 nrin- 
utes rose from a fasting level of 0.92 gm. to a maximum of 2.77 gm. It is cn- 
dent then that this rathersevere diabetic patient, when given an adequate supply 
of glucose and a large dose of insulin, rapidly increased carbohydrate combustion 
and at the maximum the rate per hour was approximately the same ns in normal 
men subsequent!}' cited. 

The effect of h}q)og!yccmia then appeared. In the j)eriod ending at 1 1:15 
he began to sweat but did not seem uncomfortable. During the fural Sth period 
he was sweating definitely, and the blood sugar, which had been 160 mg. fasting, 
was 50 mg. at 1 1 :30 a.m. The striking feature is that with the onset of liypogly* 
cemia the respiratory' quotient rapidly fell to a level indicating cessation of 
carbohydrate combustion. He was then given orange juice and made a prompt 
recovery' from the hypoglycemic reaction. 

The important fact here is that with the onset of insulin hyiroglyccmia an 
e.xtremely abrupt change in the type of metabolism may take place. One may 
conceive that with the fall in blood sugar further oxidation of carbohydrate 
stopped by a reflex mechanism in order to coziservo the glucose that is j)rc>en! 
and thus protect the highly sensitive tissues of the brain, which might otherwise 
suffer serious damage from prolonged hypoglycemia. Although the respiratory 
quotient of the brain of the dcpancrcatizcd animal is indicating it> 

ability to use carbohydrate witliout the presence of in.‘^ulin, hyjioglycomia 
caused by excessive insulin not only reduce.s the sujiply of glucose availahle in 
the blood but seems to affect the ability of the brain to utilize even that 
limited supply. In this case no acidosis was noted. The urine p.asscd at the end 
of the experiment and during the rest of the day contained no diacetie acid, no 
doubt because the hypoglycemic reaction was tenninated so quickly. It i' 
generally agreed tliat ]ong*continued or severe insulin Ijyjioglyeomia will n^ult 
in loss of liver glycogen, although insulin administered to dojianrrcatizcd 
animals characteristically increases glycogen deposition in the liver from a low 
to a nonnal amount. In brief periods of insulin hypoglycemia the liver glycogen 
may be high, as in Case 6SS4, age 25 years, with diabetes of 1 1 .7 years' dunition. 

A biopsy of the liver revealed a fat content of 10.5^'^ and a glytvjgen content o. 
12. • The respirator}' quotient detennined I hour lieforc the l)if>p'y* was 0.^2, 
and the blood sugar was 33 ing. Xo sjauptoms of hypoglycemia h.ad orcurn*^l. 
indicating that the reflex mechaniMu associ.ated witli typical symptom^ of 
hyjKiglyccrnia had not been aroused. In surnmar}*, we lU.ay say that in ratnait 
19697 during acidosi"', glucfise administered was nrit oxidizf*^!, Aftor recr»viTy 
frrun coma .and after tre;\tmcnt witfi diet and insulin had lwv»n carru-d out K*r 
^iiine <lays. wlmn an excess in>nlin was given such tliat an insulin reaction 
n‘-uUe*i in spite of the provision an exces-ive amount ^>f glucose, the rurmunl 
of carboliydmte combustion at its <iid not execasf the rate of It gm. fsr 


hour. 


C'asf. 2 f202.39) d^volo^sal dial>^tes in May 10* I at tli^* ag»’ of l-J ycane H 


Hi' nrifa- ron- 


caJim for tre.atrn‘'nt on Jurn* If), 1911, in f'arly diabetic coma, 
tains'll 3,4 ' I sugar and 3-r cliaretic nrifl. 
ent. 

helnvd was put in p!ac»' at r»:'J5 for iho ,3 p , 
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Following the administration of 30 units of crystalline insulin at 8:05 p.m., the 
blood sugar fell at 9 ;00 p.m. to 180 mg. and the CO 2 value of the blood rose to 23 
volumes per cent. He then received an additional 8 units of insulin at 10:00 
P.M., and the next morning his fasting blood sugar was 60 mg., the CO 2 content 
of the blood was 38 volumes per cent, and the respiratory quotient was 0.72. 
In Table 3 are shown the individual values for the respiratory quotient and 
oxygen consumption in the preliminary periods before the administration of 
glucose, then those in a series of three periods follomng the intravenous injec- 
tion of glucose, and finally those in 3 periods following the injection of insulin. 
In these last 3 periods there was a gradual, slight rise in the respiratory quotient. 

Table 3.— Case g {20239) Oxygen Consumption and Respihatohy Quotient in Coma 
Bepobe and After Administration of Glucose and Insulin 


Period 

Time, 

P.M, 

R. Q. 

O 2 per minute, cc. 

CH Combus- 
tion per 15 
min. (gm.) 

1 

5.40 

0.678 

216 


2 

5.50 

.673 

215 


3 

6.00 

.672 

222 



Average 

.674 

218 == 1471 cals. 0.0 

4 

Intravenous dextrose 
7.05 

(50 gms.), 
.661 

6:25-6:52 p.m. 

208 

0.0 

5 

7.20 

.679 

206 

0.0 

6 

7.35 

.688 

207 

0.0 

7 

Average .676 207 

30 units crystalline insulin intravenously, 8:05 p.m, 

8.16 .672 222 

0.0 

8 

8.30 

.687 

219 

0.0 

9 

8.45 

.712 

220 

0.0 


Average 

.690 

220 



His heat production, predicted from the Harris-Benedict formula for men, is 1240 
cals., and predicted from Table 20 in Pub. 303A, Carnegie Institution of Washington, it is 
1236 cals.; thus his heat production was 18.6% above prediction. 

Intravenous administration of glucose in this boy was not followed by 
any significant change in respiratory quotient or any evidence that the glucose 
was utilized. A decline in blood acetone occmved without a rise in respiratorj’^ 
quotient. The total blood acetone values fell from 70 mg. at 6:00 p.m. to 58 mg. 
at 8:00 p.m., 44 mg. at 9:00 p.m. and 28 mg. when he was fasting the next 
morning. The administration of insulin, however, brought about a slight rise in 
respiratoiy quotient, which was immediate and was still evident 12 hours later. 
At 9:15 P.M., 1066 cc. of urine were voided, the first urine voided after the urine 
that was voided at the beginning of the observation at 4:00 p.m. This urine 
contained 3.3% sugar, a total excretion of 35.2 gm. The nitrogen present was 
4.4 gm. The next specimen, voided at 10:15 p.m., showed only a trace of sugar. 
We maj' then assume that the 35 gm. of glucose represented the total loss of 
glucose following the injection of 50 gm. of glucose in the metabolism test. In 
such a case, with early diabetic coma, recoveiy would probably have occurred 
vdthout the use of insulin, as was occasional!}’- true in the years prior to the 
discqveiy of insulin. The first factor that was effective was rest in bed and a 
restriction of diet in total calories so that the high metabolic rate was steadily 
rcduced. This one factor alone in the early stage of acidosis will reduce the 
amount of fat catabolism and so reduce the amount of ketone body formation. 
In this case, the oxygen consumption fell during the periods from 7:05 to 7:35 
P.M. as compared witli the first 3 periods. A simultaneous fall in blood acetone 
values occurred. With the use of insulin the usual rise in oxygen consumption 
after glucose was observed. In this case there is no e\'idence' for belienng that 
any of the glucose injected was oxidized. 

vou 2DG, xo. 2— AcersT, 3943 9 
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During acidosis the energy requirements are greatly in excess of the 
normal rate, as shown by our observations on ])atients in diabetic 
coma whose metabolic rates have varied between 20% and 48% above 
normal. To meet this high caloric need, some fat oxidation undoubt- 
edly occurs in the museles themselves. However, a considerable frac- 
tion, probably from one-third to one-half, of the total needs from fat 
is obtained by a preliminary oxidation of fat in the liver to ketone 
bodies only. Neither acetic acid nor glucose is formed by this oxidation. 
These ketone bodies are, under ordinary circumstances, freely utilized 
for energy by the peripheral tissues without insidin. When the demand 
for calories from fat exceeds a level of approximately 2.5 gm. of fat 
per kg. body weight per day in a resting state, ketone bodies in e.xeess 
of needs are formed by the liver.*’ If this excessive fat catabolism 
continues unchecked, ketosis and coma follow. That a fairly close 
parallel exists between the degree of acidosis and the degree of elevation 
of the metabolic rate was shown by Joslin.’ In our jjatients, then, 
with acido.sis we find an excessively high metabolic rate, the calorie 
needs for which arc met almost entirely from fat and in these patients 
no improvement in the tyjie of metabolism will occur until a suflieient 
quantity of insulin, endogenous or exogenous, is available to make 
carbohydrate combustion take its normal place. The metabolic rate 
of Case 20239 was 01 calories per liour. The nitrogen excretion, a 
total of 4.4 gm. in 0 hours, equalled 0.5 gm. per hour, which is e(iuiva- 
lent to a jjrotcin metabolism of 3.1 gm. per hour. We assume 12 calo- 
rics from protein and subtract this from 01 calorics per hour, which leaves 
49 calorics to be derived from fat, which would mean a rate of 131 gm. 
j)er day. Ilis weight was 35 kg., so that this would greatly exceed tin- 
rate of 2.5 gm. of fat per kg. body weight postulated by Statlie.'- 
Effective insidin action in acidosis results in a reduction of the meta- 
Ixdic rate ami in his ease the fall in o.xygcn eonsmn])tion was from 
-1-18.0% (.lime 10, 5:40 P.M.) to 3.2% above the .standard as measured 
the fidlowing morning. 
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Case 3 (20945), school bos'-, age 15 years, demonstrates the effect of insulin 
alone upon the respiratory quotient during acidosis. He came for treatment on 
January 21, 1942, with diabetes which had just been discovered. Upon arrival 
the urine contained 8.7% sugar, 4+ diacetic acid and the CO 2 of the blood \yas 
31 volumes per cent. He was sent to the hospital at noon. The respiration 
helmet was placed at 1 :10 p.m. Forty units of crystalline insulin were given at 
2:20 p.M. and a series of observations was carried on ending at 6:30 p.m. The 
blood sugar was 360 mg. on admission and 101 mg. at the end of the observation. 
The data are summarized in Table 4. 

During the period of study a marked change in nitrogen excretion in the 
urine occurred as shown in Table 5: 


Table 5. — Case S. Nitrogen and Creatinine Elimination in Diabetic Acidosis 


Coilection Period 


Vol.. 

Date 1942 Start End cc. 

Jan. 21 11.00 a.m. 1.45 p.m. 780 

“ 1.45 P.M. 3.45 P.M. 258 

“ 3.45 P.M. 6.30 P.M. 100 

Jan, 21, 6.30 p.m., to Jan. 22, 7.00 a.m. 520 

Total for 24 hours .... 1990 


Nitrogen eliminated Creatinine eliminated 


Per 


Per 

Per 


Great. 

cc., 

Total, 

hour, 

cc.. 

Total, 

coeffi.. 

mg. 

gm. 

mg. 

mg. 

mg. 

mg./kg./24 

3.91 

3.05 

1109 

0.46 

361 

67.4 

5.50 

1.42 

710 

0.52 

134 

34.5 

10.63 

1.08 

387 

1.58 

158 

29.4 

8.14 

4.23 

339 

0.90 

470 

19.3 

5.88 

11.71 

488 

0.68 

1348 

28.8 


It is eiddent that during the period from 11 :00 a.m. to 1 ;45 p.m. the nitrogen 
elimination per hour was at the rate of 1109.1 mg. During the next 2 hours the 
rate fell to 710 mg. and during the period from 3 :45 p.m. to 6 :30 p.m. the elimina- 
tion fell to 387 mg. per hour. During the next 12 hours this rate fell to 339 mg. 
During these same periods a comparable change in creatinine elimination was 
observed with the result that the creatinine coefficient fell from 67.4 to 19.3 mg. 

This case indicates that the use of insulin alone in a patient with early dia- 
betic acidosis will increase carbohydrate consumption even when only a small 
dose, such as 40 units, is given. The fact is that only a small amount of increase 
in glucose oxidation is necessary. Heat production in this patient was at the 
rate of 85.5 calories per hour. Carbohydrate oxidation amounted to 0.47 gm. 
in 45 minutes of the last 3 periods. Thus approximately 2.5 calories per hour 
were obtained in the oxidation of glucose. 

Rate of Oxidation of Glucose in Normal Subjects. The rate of the 
utilization of injected or ingested glucose in the normal individual is 
low; in the resting state only between 6 and 12 gm. per hour are oxid- 
ized. Therefore, in any consideration of the part played by the oxida- 
tion of glucose in diabetic patients normal standards must be con- 
sidered. A normal male, 43 years of age, weight 66.8 kg., who ingested 
amounts of glucose varying from 5 to 104 gm, was studied by Carpenter 
and Fox.'* Their results clearly show’^ that in the majority of the ob- 
servations the greatest rise in respiratory quotient indicating the 
greatest increase in carbohydrate combustion was observed during 
the third half hour following the ingestion of the glucose. All amounts 
of 10 gm. or more were followed by significant changes in the respiratory 
quotient. The striking fact, however, was that no close relationship 
was found between the amount of glucose ingested and the increase 
in grams of carbohydrate oxidized per hour. Thus, after the subject 
received 15 gm. of glucose, the carbohydrate metabolized during the 
first 2 hours was 14.25 gm. which represents an increase over the fasting 
rate of 3.17 gm. When he received 25 gm. of glucose, the amount of 
carbohydrate metabolized in the same first 2 hours was 16.2 gm., an 
increase of 4 gm. ^Vhen he received 104 gm. of glucose, the carbohy- 
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(Irate metabolized during the same 2 liours totaled 1S.8 gm., an increase 
of 10.3 gm. The facts regarding this normal man are so important 
that they are summarized in Table 0. It is evident that in the iir.<t 
3-1 hours follo^ving the ingestion of 104 gm. of glucose, xx-hen hi.s fasting 
or basal respiratory quotient xvas O.Sl, the total carbohydrate metaboj- 
ized was 35.4 gm. The same point appears in the studies of normal 
young men receiving 50 gm. of glucose by mouth and by vein, reported 
by Root and Carpenter.” The {increases in carbohydrate combustion 
during 2^ hours after the administration of 50 gm. of glucose averaged 
in 4 subjects 10.0 gm. by the oral route and 9 gm. when tiie glucose 
was given intravenously. Therefore, in our observations of diabetics, 
it is important to remember that even in normal individuals, no matter 
how much glucose is given by vein or by mouth, in a re.sting state only 
bctxveen G and 12 gm. per hour are oxidized. Obviou.sly if extreme 
muscular exertion is being carried out, glucose oxidation will he 
increased. 

Tablk G.— Oxidation* or i?v a Xoksial ^^AN* 


Basal 

CaTboh 3 'arato Combustion 
(rm. por half hour) 

2,13 

HaU hours nftor 

1(H Km''. 

1 . 

. . . . 3 33 

o 

5 31 

3 

o 20 

4 

. . . . r» 01 

5 . . 

, . , . 4 sri 

0 . 

. . 0 10 

7 ... 

, 5 aS 

Total 

. . . .'io M 


Total incroa^o ovor 2 crn. 


Harmfulness of Excessive Glucose During: Diabetic Coma. Not only 
is the aflrninistmtion of large amounts of glucose useless and ineffec* 
tive in cliaheticaeidosis* hnt such a promlure may he positively harmful 
in that (1) a rise in hlood sugar }>rodneed !>y ghu’ose will make it difli- 
cult to {leiermine the required insulin dosages ]»y chances in the hkxjd 
sugar; ( 2 ) sueli e.vct^ssive hyptTglyeemia i.- always harmfid to the 
ereas: (o) exivs.sive gluerise i‘oneeut ration in the i)lood and ti-^ie.^ undrr 
the <‘tmditi<»n^ of aeidosi< has been known to restilt in arjuria;'* M) de* 
experiments of Ast woo<!, Flynn and Krayer^ indiejite that exee^dve c*u- 
(n><e nuiy IkuI to damage in the liver. Remitly a nuwt valunhk* eore 
trihmion to tli#‘ study (»f thi^ proldem appeareri in a i-a-e rejxirted h;* 
(JnmhfTC and Uh<^(hs^.* Their patient, a h^*\% ace lo year-, had 1 
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extraordinarj'- feature was that this case of coma should iiave advanced 
to such a condition at 1 a.m. the following morning that the authors 
felt that he was moribund. At 3 a.m. it was believed "that he would 
be dead in an hour or two.” As we analyze the table, it is evident 
that he received 175 gm. glucose at the outset of his treatment when 
only semi-conscious and in spite of a dose of 215 units of insulin during 
that same period the blood sugar had risen to 600 mg. bj^ 5 p.m. There- 
after the blood sugar continued to rise in spite of generous insulin 
dosage, until finally a sufficient insulin dose brought about recovery. 
It is instructive to make a calculation of the relation between the 
glucose administered by mouth and by vein and the grams of glucose 
present in the intercellular fluid,* as represented by the increase in 
blood sugar concentration from 425 to 1600 mg. The boy’s weight 
was 36 kg. We may assume that the intercellular fluid was roughly 
25% of his weight or about 9 liters. An increase in blood sugar of 
1175 mg. per 100 cc., when applied to this volume of intercellular fluid, 
would indicate that there had been a total increase in glucose in this 
fluid of 105 gm. This inerease in glucose alone would greatly increase 
the requirement of insulin. If we return to the figures for diabetic 
patients and for normals, we find that the most one can hope for is 
combustion of from 5 to 10 gm. of glucose in the first 2 hours of the 
emergency in diabetic coma. The administration of more glucose when 
the blood and intercellular fluid already contain glucose in excessive 
amounts can have no possible benefit, unless there is a previous admin- 
istration of insulin in sueh amounts as will surelj^ compel glucose 
utilization. This boy strikingly’' illustrates the fact that recovery in 
diabetic coma occurs when carbohydrate utilization takes place at 
such a rate that the concentration of glucose in the blood and inter- 
cellular fluid falls rather than rises. The administration of excessive 
amounts of glucose imposes such a burden on the insulin injected as 
to retard and impede its action. In the last series f of 73 successive 
coma cases with blood CO 2 of 20 volumes per cent or less, at the New 
England Deaconess Hospital reported by Joslin, Root, White and 
Marble,® no fatalities have resulted, and we still feel that although the 
absence of complications fatal in themselves in this group of cases 
cannot be ignored, emphasis upon the rapid administration of insulin 
in doses sufficient to bring about utilization of the excessive glucose 
already present in the blood as indicated by a fall in the blood sugar 
within the first 5 or 6 hours, the administration of sufficient fluid in 

* An incroaso of blood sugar from 425 to IGOO mg/lOO cc., means an increase of 65 
millimols per liter of fluid. If this is superimposed upon the usual osmolar concentration 
of body fluids of 320 mlNI/L, that would moan an osmolar concentration of 3S5 mM/L, or a 
markedly hypertonic solution, and a consequent shrinking of cells generally, unless the 
rij/rncellular fluids of the tissues become liypertonic at the same time to the same degree. 
If one were to assume that the glucose was uniformly distributed through the water of the 
tissue, both intracellular and extracellular, one might figure that he had 293 gm. more 
sugar in his body fluids at 1 :10 .\.m. than at 12:30 p.m. This is assuming tliat there was 
•-5 kg. of H:0 in a 3C kg. boy, and all the water had increased its sugar content 11.75 gni. 
per kg. Whether glucose is distributed thus uniformly through the tissuesof the body 
IS not yet known, 

t In the original report the number of successive cases of diabetic coma without 
intality was 02, but lias since risen to 73. 
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the form of physiologic salt solution and the inauguration of hourly 
feeding from the Gth hour onward were the essentia! factors in the 
treatment. 


Tabm: 7.— Extreme IlYPEnaLVCEMiA Foixowikg Admintstration or Gi-rco<i: in* 

Diabetic Coma, Bo\% 15 vns.* 




Gluco«<' {pTara?») 

In5»Jin (unit5) 



Blood 






supar. 

Intra- 

Subcu- 

Intra- 


Timo 

mp. 

By mouth vcoou?Iy 

taneous 

venously 

CHiuc.i! forulition 

12 ao r.M. 

. 425 




Semi-oon^oiou^ 

1 -5 r.xt. 

. 000 

150 25 

140 

75 


5-S.-I0 p.M. 

imo 

20 

100 

aoo 

Unron5rioti< 

D-naor.M. . 

. 920 



soo 


1 10 A.M. 

. IGOO 




Morilumd 

i SOS A.M. . 




800 


9 00 A.M. 

ICO 




Bettor 

U 00 a.m. . . 

C5 

‘10 




12 ao r.M. . . 

. 112 





1 ao r.M. . . 





.Almost rotecifUi’t 

2 10 r.M. . , 

. ISO 

160 





Causes of Diabetic Acidosis. Undoubtoflly deprivation of insulin is 
the most frequent factor precipitating diabetic coma, l)iit also it must 
not be forgotten that deprivation of insulin may mean not the omission 
of a dose of insulin but merely tlint the patient s own supply of endo- 
genous insulin has hccoine inadequate for increased mctaliolie needs, as 
in eases of diabetic coma developing before the diagnosis of diabetes 
has been made. Or a constant supply of insulin may become inade- 
quate by virtue of a great increase in the total metabolism or by 
influences such as infection or exhaustion or hyperglycemia with tin* 
associated changes in the tissues that impair glycogen storage. 'I'liere 
can he no doubt that in some mild diabetic patients the arlditiori of 
carhohvflrate may stimulate insulin production and incn*ase in a 
Hmited way the amount of carbohydrate rctaincfl. There no evi- 
dence that this is the case in serious cases diabetic acido.ds. Any 


(*^>rnpIhTitKm that accelerat(s the loss of glycogen in tlie liver, such 
hyperthyroidism, endocrine disturbances, infection, aru^sthf^sia, nau-ca. 
veuniting, will <‘ontrif)nte to severity and rajiid deve!o{)in(*nt of liialtctic 
f-onuu However, glyaigen starvation of tiic liver %vithout diabetic, a * 
it is observed in fasting or intense byperthyroiriisrn, nev(‘r pro<lucr'> a 
(*orulition resembling <liabetic (‘tuna. It only when irnulin d**h- 
cieney is prts^ent tliat glynigen im{K>verishment in tin* liver bcciunc^ 
an irnfKirtant element in the elinit'nl state. It tfio cfunmouiy f^r- 
gtUten that the a/imini-trathui <»f glnf^i.e in !arg(» amount^' priKlucnr.: 
hyjvtuglyctunia ha^ an exhau-ting Cifcct Uf>*)n t!ie i-Iarnb of Lancer- 
itansA ."titl further dhnini^liing their in-idin-produeing ffineeiorr, and. 
furthermore, that it i- v. ith ex(*<>^>dve ;tdmini‘'tratifui o: 

in animal*^, a-- n by A'-tv/iMKi. Mynn and Krayer* at the Pe^^r 
Pent Hrighatn Hospital, in aeturd d<‘-tntrrfon af iivrr 

Summiry. ! . In di:tf»<'ti»*efun:t th*‘ admirii-trafiMn of che-o r 

eitlier i!‘.travenondy or l»y tuoiitb not re’*rilt in an m 

^--turutory qU‘»thnt indi^a.ting any in-rea /* in dra^‘ er ".* 
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2. Insulin produces an increase in carbohydrate combustion, indi- 
cated bj’’ a rise in respiratory quotient. 

3. Even with insulin administration there is no evidence that more 
than 10 gm. of carbohydrate can be or need be oxidized per hour, in 
order to reduce the rate of fat metabolism and so to check the process 
of ketone body formation. 

4. The harmful effect of glucose may be concealed in early diabetic 
coma by the favorable effects of insulin simultaneously administered ; 
the moderate case of coma may be converted into a severe one requiring 
excessive insulin dosage. In advanced coma, glucose administration 
may precipitate the final stage of anuria. 

5. The object of treatment in diabetic coma is to restore normal 
utilization of carbohydrate by the administration of the requisite 
amount of insulin. By this means, the excessive glucose in blood and 
tissue fluids is oxidized or stored, liver gl^'^cogen is replenished and 
excessive ketosis is reduced by a reduction in the rate both of total 
metabolism and of fat oxidation. 
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liiE excretion of hippuric acid after the administration of sodium 
benzoate, formerly intended as a measure of renal function,®-® has 
been studied extensively by Quick.®-® In 1933 he proposed it as a test 
of liver function.'® After some delay this test lias received increasing 
attention. 
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Quick sliowed® tliat, regardless of the amount of sodium honzoate 
given, beyond a certain minimal quantity, and in the absence of exo- 
genous glycine, a relatively constant amount of hijjjniric acid will he 
excreted in the urine. With an adequate dose of sodium l^enxoate. 
the amount of liippuric acid formed depends i)rimarily upon the 
capacity for synthesis of glycine, presumably in the liver, and abo 
upon the capacity to conjugate it with benzoic acid. 

Quick^ stated that the rate of synthesis of glycine appeared to he a 
constant, depending on the size of the individual. He later^' stated 
that the rate of excretion of liippuric acid is influenced only sfunewhnt 
by the size of the subject. As it was planned,^® a maximal load was 
supposed to be placed on the liver by the hippuric acid test. Presum- 
ably every cell is forced to its greatest capacity in the synthesis of 
glycine for conjugation. It seemed, therefore, that the rate of forma- 
tion of hippuric acid should vary normally with the size of the liver. 
If this is so, it seemed tliat a variable standard of normal hij)})uric acid 
excretion, based upon the size of tiie subject, would be more accurate 
than a single constant standard. 

There are no adequate data available to indicate whicli body meas- 
urement— weight, height (‘‘normaP* weight), or surface area— would 
be the most accurate basis for prediction of normal liver size and cam- 
secjuontly the expected excretion of hippuric acid. We have calculated 
from the data of Greenwood and Brown^ of 7S cases with “norma! 
organs'" that those having body weights within 27) pounds of the 
predicted normal (most subjects were below normal weight) ha<l liver'> 
averaging .So.b ounces j)cr square meter of surface area or ounce 
j)er })(>und. Tiiose who were more than 25 pounds underweigiit had 
livers averaging 52.7 ounces per sipiare meter or 0.455 ounce per pound. 
There was, however, such a very wide range in the ratif>s of liver 
weight to Ixnly size that these figures are not significant. 

IJoydr in a statistical study of 512 cases dying witlnn 21 (nmrs of 
ar’cidcnt or similar canst's without gross hemorrhage and without otte r 
significant di>easc, reporU*<! that the liver is essentially stationary tti 
wvi:^ht fnun 2() to 55 years and then ch^ensnses in weitrfit. 5 he [h# - 
sibie sii:nifi(*anee of this will be referred to later although (^orrelatiou 
with i>ody si/e wa< not made. Bean and l?aker^ reported that tie* 
liver «»f the nevro is smaller than that of tin? white man. 


Because t)f a frefpiency of nau-ea fund sometinn^s voinitirar'L gn afer 
thati ha^ eommonlv Ijetai reportnl, amont: our fir-t serir> of normrd- 
whom lienzoate was given orally, the intravt fioMn nesfe 

more re<emly projKi-nl f)y i^niek, Otten-teiri and Wf ltelc-ek'* v.a' 
u-^’d for r-nb-e{|nrnt 'Fhe rr-nlt-^ ol^tainerl vitl^ thi’< tyjx* of ir^i 

♦ are the ha-i- of thi^ repjrt. 

Method. i! .r •• ir; t!;« najm-rtg a Lr*' ‘.kfs’t t# *. * -r 1 

ly O Sdrua (\ 77 la ?a! e' ^ r- 

V s.- ir.!ra\ i r a | ♦ re 5 ta;f a?* ‘ r.ed lira ^ ^ ‘ 

nS.vSa’t tf.- '-i <■' r,- 

t) ;* 'k ( ir. r.C'l ’ *'k v;i' »!* *# -a'a - L;. • ^ 

rkra-al v ^ d ‘ ' r.i Va r.rsc '-'..sr.. 

r e:T -'At.: r th-^ r,* - i k- ”•2 a. 
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Table 1.— Data on the Intravenous Hippuric Acid Test on Subjects 

Under 55 Years of Age 


Case 

Diagnosis 

Sex 

Age 

(yrs.) 

Ht, 

(in.) 

Wt. 

(lbs.) 

1 

Student 

M 

24 

765 

202.0 

2 

Student 

M 

21 

73.0 

195.5 

3 

Instructor 

M 

31 

74.5 

180.0 


4 

Student 

M 

24 

76.5 

166.0 

5 

Duodenal ulcer 

M 

46 

71.0 

185.0 

6 

Instructor 

M 

27 

73.5 

160.0 

7 

Student 

M 

24 

72.0 

160.0 


8 

Student 

M 

24 

70.5 

161.0 

9 

None 

M 

34 

70.0 

159.0 

10 

Student 

M 

22 

72.0 

155.0 

11 

Student 

M 

23 

70.5 

160.0 

12 

Student 

M 

25 

70.5 

159.0 

13 

Student 

M 

23 

68.5 

157.0 

14 

Duodenal ulcer 

M 

30 

70.0 

148.5 

15 

None 

M 

42 

69.0 

145.0 

16 

Psychoncurosis 

F 

32 

66.0 

153.0 

17 

C.N.S. disease 

M 

22 

68. 0 

142.0 

18 

Uterine fibroid 

F 

35 

65.0 

145.0 

19 

Compound fracture 

M 

16 

06.0 

141.0 

20 

Asthma 

M 

16 

67.0 

134.0 

21 

Student 

M 

23 

66.5 

132 0 


22 

None 

F 

29 

62.0 

149.0 

23 

Chronic pchic disease 

F 

29 

63.0 

134.0 

24 

Lucs— liver neg. at 

M 

53 

66.5 

130.0 


postmortem 





25 

Allergic bronchitis 

F 

30 

64.0 

124.0 

26 

Mild obesity 

F 

40 

62.0 

145.0 

27 

Duodenal ulcer 

M 

38 

64.5 

134.0 

28 

Duodenal ulcer 

M 

40 

66 0 

130.0 

20 

Dietitian 

F 

25 

66 5 

127.0 

30 

Nurse 

F 

20 

63.5 

133.0 

31 

Dietitian 

F 

25 

65.0 

127.0 

32 

Mild pelvic inflam. dis. 

F 

21 

67.0 

119 0 

33 

Student 

M 

26 

64.0 

123.0 

34 

Technician 

F 

28 

65. 0 

118.0 

35 

Arthritis 

F 

39 

64.0 

121.0 

36 

Subarachnoid hemorr. 

F 

22 

61.0 

129.0 

37 

Technician 

F 

23 

63.5 

121.0 

38 

Clinic clerk 

F 

30 

04.0 

117.5 

39 

Bronchiectasis 

F 

IS 

65.0 

106.5 


40 

Clinic clerk 

F 

27 

00.0 

117.0 

41 

Nurse 

F 

22 

61 .0 

Ill.O 

42 

Anxiety 

F 

15 

62.0 

102.0 

43 

Pneumonitis 

F 

18 

62.0 

97.0 

44 

Sulvncutc rheum, fever 

r 

23 

63.0 

87.0 

45 

Clinic clerk 

F 

27 

02.0 

S9.0 

46 

Anxiety 

F 

2S 

03.0 

SO.O 



Hippuric 

Pre- 

dicted 

excre- 

%of 

pre- 

dicted 

excre- 

Pre- 

dicted 

%0f 

pre- 

dicted 

Surface 

acid 

tion 

tion 

excre- 

excre- 

area 

excreted 

(siu’face (surface 

tion 

tion 

(sq. m.) 

(em.) 

area) 

area) 

(lbs.) 

(lbs.) 

2.21 

1.36 

1.69 

84.1 

1.69 

84.1 

2.11 

1.48 

1.42 Av. 
1.64 

1.60 

102.4 

1.64 

100.0 

2.08 

1.73 

1.48 

1.60 Av. 

1.585 

100.9 

1.54 

104 0 

2.02 

1.66 

1.53 

1.60 Av. 

1.523 

105.0 

1.45 

110.3 

2.02 

1.37 

1.523 

90.0 

1.58 

86.7 

1.95 

1.33 

1.47 

90.5 

1.41 

94.3 

1.92 

1.31 

1.28 

1.30 Av. 

1.445 

89.9 

1.41 

02.2 

1.8S 

1.57 

1.41 

111.3 

1,415 

111.0 

1.88 

1.25 

1.41 

88.6 

1 40 

89.3 

1.90 

1.45 

1.43 

101.3 

1.375 

105.5 

1.89 

1.67 

1.42 

117 7 

1.41 

118.4 

1.87 

1.41 

1.40 

99.2 

1.40 

100.7 

1 84 

1.53 

1.38 

110.8 

1.39 

110.0 

1.82 

1.31 

1.36 

96.4 

1.33 

98 5 

1.78 

1.34 

1.33 

100.7 

1.31 

102 2 

1.76 

1.40 

1.31 

106.9 

1.36 

102.9 

1.75 

1.32 

1 31 

100.6 

1.29 

102.3 

1.71 

1.59 

1.27 

125.3 

1.31 

121.3 

1.71 

1.20 

1.27 

94.5 

1.28 

93 7 

1.69 

1 33 

1.252 

106.2 

1.236 

107.6 

1.67 

1.59 

1.33 

1.46 Av. 

1 235 

118 2 

1.22 

119.7 

1.67 

0.82 

1.235 

64.4 

1.335 

61.4 

1.67 

0.90 

1.235 

72.8 

1.236 

72.8 

1.66 

1.22 

1.223 

99.7 

1.21 

100.8 

1.66 

1.42 

1.225 

115.8 

1.17 

121.3 

1.65 

1.73 

1.22 

141.7 

1.31 

132.0 

1.64 

1.32 

1 21 

109.0 

1.236 

106.8 

1.64 

1.10 

1.21 

90 0 

1.21 

90.9 

1.64 

0.94 

1 21 

78.0 

1 19 

79.0 

1.62 

1 44 

1.195 

120.0 

1.23 

117.0 

1.62 

l.Il 

1.195 

93.0 

1.19 

93.3 

1.60 

1.00 

1.177 

84.9 

1.135 

88.1 

1 .57 

l.U 

1.15 

96.5 

1 16 

95.7 

1.57 

1.30 

1.15 

112.7 

1.13 

115 0 

1.57 

0.94 

1.15 

81 7 

1.15 

81.7 

1.55 

1.29 

1.135 

113.7 

1.20 

107 5 

1.55 

1.49 

1.135 

131 0 

1.15 

132 3 

1.54 

1.34 

1.123 

119.3 

1.125 

119.2 

1.50 

0.74 

0.74 

0.74 .Av. 

1.090 

67.9 

1.05 

70 0 

1.47 

1.07 

1.065 

100.5 

1.12 

95 .5 

1.46 

1.00 

1 06 

91-4 

I OS 

92 6 

1.43 

1.07 

1.033 

103 G 

1.025 

104.3 

I.3S 

1.01 

0.99 

101 9 

0 99 

102 0 

1.34 

0.65 

0,9G 

67.7 

0.92 

70.7 

1.34 

0.S9 

0.96 

93.1 

0.93 

95.8 

1.33 

0,90 

0.95 

94 7 

0.91 

99.0 
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Results^ The intravenous hippuric acid test ^vas perforineti upoit 
40 subjects, mostly young adults; 2.3 were males and 23 females, 
Iwenty-two subjects were students or stafV inembervS in presumably 
good healtli and 24 were patients without apparent liver disease. The 
excretion in these subjects varied from 0.(>5 to 1.75 gm, of luppurm 
acid in 1 hour (Tal)le 1). ^^e Imve preferred to dispense with the 
conversion of these figures into their equivalents of benzoic acid. 

The results of these tests have been studied statistically. Xo dilfcr- 
ence in the excretion for the sexes was fouiuL Tlie amount of lupjmric 
acid excreted was compared with the body weight, height, ideal weight 
as obtained from insurance tables, and surface area. A definitely 
significant correlation between the hippuric acid excretion and hotli 
body weight and surface area was foundf the correlation being almoNt 
identical for the two factors. 
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all of the subjects used were of about normal weight. It is possible 
that with a sufficient number of tests upon subjects with a wider range 
of body build, a preference would be established for the use of body 
weight or surface area as a basis for normal standards. 

Of the normal subjects, 90% excreted between 72.8% and 125% 
of the predicted normal amounts of hippuric acid. This is a rather 
wide range of apparent hepatic function. The range of normal values 
based upon these determinations would, however, need to be much 
larger if the normal standard were not based upon body size. The 
5 largest subjects excreted an average of 1.53 gm. of hippuric acid 
while the 5 smallest subjects excreted an average of only 0.9 gm. 
Although 3 subjects excreted somewhat less than 70% of the normal 
amount of hippuric acid predicted on the basis of surface area and 
1 subject, less than 70% of that predicted on the basis of body weight, 
we would consider that figure (70%) the borderline of normal excretion 
with this test in subjects between the ages of 20 and 55 years. 


Table 2. —Hippuric Acid Excretion in Patients Over 55 Years Without 

Known Liver Disease 

Hippuric acid 


Diagnosis 

Age 

Sex 

Height 

(in.) 

Weight 

(lbs.) 

Ideal 

weight 

(lbs.) 

Excreted 

predicted 

excretion 

Hypertension 

. 58 

M 

68 

142 

154 

0.95 

74 

Cancer of larynx 

. 70 

M 

69 

139 

158 

0.92 

73 

Nucleus pulposus 

. 56 

M 

71 

169 

168 

1.13 

80 

Cancer of lip 

, 64 

M 

71 

184 

168 

1.04 

64 

Cord tumor 

. 60 

F 

63 

186 

128 

0.67 

41 

Peptic ulcer 

. 64 

M 


120 


1.01 

90 


Tests were done on 6 additional patients of 56 years or over who had 
no apparent evidence of liver or kidney disease. They excreted an 
average of 70.3% of the amount of hippuric acid predicted from their 
surface area (Table 2). This suggests that in older age groups tliere 
is physiologically some atrophy of the liver which causes some impair- 
ment in the response to the hippuric acid test of liver function. This 
is in accord with the findings of Boyd^ although, as was noted, the 
liver weights in her series were not correlated with body size. The 
effect on her figures of the influence of relative weight on longevity is 
consequently not known. 

No serious complications resulted from the slow intravenous injec- 
tion of sodium benzoate. Many patients have noted an aching sensa- 
tion along the course of the vein, particularly when the injection was 
given more rapidly. Two subjects, among this group and other 
patients on wliom the test was done, have had sudden severe abdominal 
CTamps sufficient to cause interruption of the test. In one allergic 
individual, a moderately severe urticaria developed immediately after 
the injection and lasted about 1 hour. We have also seen urticaria 
appear after the oral administration of sodium benzoate and have 
noted the occurrence of allergic types of reactions following the intra- 
venous injection of bromsulphthalein. 

The chief advantage of the intravenous hippuric acid test is that it 
avoids the nausea and vomiting which occurred frequently in our 
normal subjects. This has been particularly helpful in performing the 
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tests on patients who already have abdominal symptoms. The intra- 
venous administration also eliminates the factor of absorption from 
the gastro-intestinal tract and shortens the test. 

The possil)ic flisadvantage of the intravenous method is the gre.ater 
effect on the result of inaccuracy in collecting completely a 1 hour 
specimen rather than a 4 hour specimen of urine. It is i>robablc that 
some of the variability of results in this scries was due to incomplete 
emptying of the bladtler. This source of error may be minimized by 
provision for an adequate urine volume. Several of our patients, not 
in this series, with I hour urine volumes of 10 to l.i cc. had small 
excretions of hippuric acid which subsequently were normal when the 
preliminary fluid intake was increased. The test is, of course, of no 
value when there is significant urinary bladder retention unle.'S the 
bladder is cathetcrized. 

The vtdue of the hipjntric acid test of liver function j)resupj)oses an 
adequate renal function. Snapper and Griinbaum'^ have been quoted 
that the e.xcretion of hippuric acid was normal in cases witliout reten- 
tion of urea. Their series was small and, with 12 hour urine sj)ecinieiH, 
delays in excretion could have been overlooked. Kohlstaedt and 
Ilclmer* fouml a subnormal excretion of hij)puric acid in 0 snbjeet-i 
with urea clearances of or le.ss, 4 of whom had no evidence of 
liver disease. Quick'* has shown tlmt there was more than a oil', 
increase in hippuric acid excretion when glycine was taken witli the 
.<odium benzoate, iiulicating at least that much greater normal ca|)aeity 
for renal excretirm over the synthesis of hippuric acid. 

Camj)bell' has shown that })atients wlio have been dei)h’ted of 
glycogen postoperatively have decreased e.xcretions of hi|){>uric acid 
which fjiiickly return to normal following restoration of c.nrbohydniti-. 

Summary. 'I'he excretion of hipj)uric acid following the intraveiioii- 
injection of sodium benzoate ns a test of liver function in 4<> subject' 
witliout apparent liver di-^ease has been found to be influenced decidedly 
by the Mze of the .'iibjeets. 

Formuke for the predicted normal excretion of hippuric acid, b:i-'''l 
on body weiitht and on surface area, arc preseiited. 

'File e<irrc!ation of hipjiuric acid excretion with the-e two niea'!ir> - 
of bodv size was atmo-t identical in tlii- series of tc.-ts. 
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A COMPARISON OF TECHNIQUES FOR THE DIFFERENTIAL 
COUNTING OF BONE MARROW CELLS (GUINEA PIG) 

By Robert D. Epstein, M.D.* 

AND 

Edna H. Tompkins 

ASSOCIATE PBOFESSOR 
NASHVILLE, TENN. 

(From Department of Anatomy, Vanderbilt University School of Medicine) 

The variations in technique used by different workers in obtaining 
and preparing specimens of bone marrow add considerably to the 
uncertainties which feature in any evaluation of differential counts of 
marrow. The techniques which have been employed in the prepara- 
tion of specimens for counting may be classified into one of three 
general methods, namely, the use of fixed smears, of sections, and of 
supravital preparations. 

The present work was planned for the purpose of comparison of the 
counts made by these three general methods when employed by the 
same individuals, and applied to the same marrow. No technique 
was found for the preparation of fixed smears, however, which yielded 
as representative a distribution of the cells, caused as little trauma to 
them, and permitted as delicate cytologic definition as could be ob- 
tained by the supravital and section techniques. For these reasons, 
the differential counts of fixed smears were obviouslj^ less dependable 
than those by the other methods, and after preliminary trials, counts 
by tliat technique were excluded from the experimental correlations. 

Methods. The guinea pig was selected as the experimental animal because 
of the similarity of its marrow to that of the human and the need of data 
concerning the normal proportions of its cells. Fifteen males and 4 females 
were used. They were kept in the animal room 3 to 25 days on a liberal diet 
consisting of oats, rabbit pellets (Ralston Purina Company) and dail 3 >- rations 
of greens, with water available at all times. They weighed 290 to 500 gm, at 
the time of sacrifice and were all in excellent condition. 

Wien ready for studj% both thighs were shaved, and the pig was then 
anesthetized lightly with ether. Ten cc. of ph 3 ''siologic saline were immediate^’' 
injected intraperitoneally, and 2 to 4 cc. of blood removed b 3 '’ cardiac puncture. 
During the next 10 to 15 minutes the anesthetic was maintained at the same 
level while the blood clotted and was centrifuged for the serum. A lethal dose 
of ether was then administered, and while it was taking effect, or immediatel 3 '’ 
after death, one femur was removed. Tlie bone was opened lengthwise b 3 ’' 
nipping with rongeurs with care not to compress the marrow. Blocks of mar- 
row, about 5 X 3x3 mm., were scooped out vnth a scalpel and immediate^’’ 
dropped in the fixative recommended b 3 '- Kingsle 3 %'' The other femur was 
then removed and opened in similar manner, and the marrow was aspirated into 
a b cc. S 3 u-inge through a 20 gauge needle, both of which had been pre\doushy 
moistened with the guinea pig’s serum. It was frequentb’’ necessain^ to sepa- 
rate the marrow into smaller pieces so that it would go through the needle. 
This was done by mo\ing the needle back and forth within the marrow cavity 
or by gently fragmenting a specimen of marrow with the needle. A snrall 
amount of serum was drawn into the S 3 Tinge after the marrow had been 
aspirated so that the final volume totaled 0.25 to 0.5 cc. Tlie syringe was 

♦ Now on active serv’ice ^vith the Armed Forces. 
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then \’5c;oroii5ly shaken. The resultant suspension of tiny fragments of m:c- 
row in scnim was used for tlie supravital preparations, and the niarrovn 
serum mixtures employed in the preparation of fixed smears. 

The mcthodswhicfi were tried in the preparation of the fixed smears were 
as follows: (1) Marrow touched to cover-slips. (2) Scrapings of marrow 
spread on cover-.slips with a scalpel. (f3) Marrow-sonun mixtures ((h'scril <'<1 
above) pulled between two cover-slips. (4) Cover-slips fl(KKlcd with i\y 
marrow-sennn mixtures and allowed to dr}% (5) Cover-slips flcjoded vith 
the marro\v-senim mixtures, and nmne<iiateiy fixed wdth absolute nwthyl 
alcohol. (f>} Cover-slips flomicd %vith (he inarrcnv-serum mixtures. foHo\u'»i 
l)y withdrawal of as much of the semm as possible l>y suction, and drying r\i 
an angle of 45 degrees. 

With tfie exception of Method 5, the smears made by each of the 
inetlimls were drie<l in air and then immediately fixed in absolute methyl 
alcohol, as recommended by Kingsley. They were stored in cardlunard hovr- 
and .stainerl within 3 weeks of preparation. Doth Kinpsley's" and WrichtV 
stains were used. The latter was employed in (he stantlard strength .niid nhe 
after dilution to 50Cr with absolute methyl alcohol. The time for st.aining 
was varied with the Kingsley's stain, as recoimtiended,*'' and under tlio-ema' 
ditions that stain \'ielde<l the better results. DifTerentiation of the staining, 
as described for sections, was unsuccessful. 

The fixed Idocks were dehydrated and embedded accfjrding to tlie teidminue 
rcconmjendc<l by Kingsley', The sections were cut routinely* at 3 niicra iwA 
vStaincfl according to the procedure outlined by* Kingsley. The c<nmt< wro- 
made from consecutive fields. 

The .slides and cover-slips for the supravital smears were cle.aned and st.nirn^ 
as describc»<l by' Cunningham and Tompkins.' The neutral red dy‘e U‘»d 
in the proportion of 0.0 ce. of a saturated solution in nhsolute aleoliol to 10 <v. 
of absolute alcohol. A droj) of the marrow-senun mixtun» on a eovrr-^an 
was inverte<I on a stained slide and rimtne<I witfi salvoline in the manner ene 
ployed in making supravital bloofl smears. Upon inacrosCiU)ie (’xaTuinatiyn 
of the smears, there could be seen small, s(‘])arate fragment^ r>f m.'trrow vhie.; 
varied in size from 2 nun. in diairmter to partirle.n whieli were liareh' diM'»‘fn‘- 
jble, Tiider the inicroscoj>e, the cells nnairKl the peripljery of the.-n^ai!*': 
fragmerit< were thinly spread and well staine<l. The differentia! count> y* r^‘ 
made in tho^r arra^', not t^K» far f>eripherul!y v.hen* relb' had watelered 
the fragment, ar been floated rentrifugalh', nn<l not bn? far centrally 
they were trsj tightly' packe<I for accurate detail, ^'lie rmmber of e#*!!- tl ^^ 
could Ih* cfnint'^tl on (he f>eriphery of a .'-ingle fragment varif^^l v.ith the y.:*- an'* 
thijun--^ of the mtgment. Occasionally' only orit» fragment v/.a'** nee**— ary' 
obtain the <lf>ire<I number of cells (s/a* bel/»w), but usually' al h-a-t tv.»>, ^ 

frequently more, wen* 7’lie spren/Is v.ere prot/‘et<'d from /hree? 

arid frcquentlv allrcAMl to rern.ain at nsun tempf-rntur#* for 30 *55 nauub ' 

hefurt' u-e. 'fhe crib ^ 0 : 110 /*/! in a f^/^rfeetlv sati-fart/iry' n»riditioa don'/ 
that /if tine*. T*hi'^ tf'clmirme diffen* fr/^rn that /le*erih^’/| by y 

ifi tici? irifnet frricrftent*' rif roarn#u* are t*xnrfihifi} rTit}if'r . 



In sections (Kingsley's stain) Stained supravitally (neutral red) 
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Tahix 2.— DiFFEnrsTiAt* Coi*nt> r 
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• obta:r.»‘i! by Ob*rrvrr 1, 


conntetl TM ccll'^ in onch prepomtinn, botii s*upm\ntnl and «octif>n, v.ith tF/' 
ronlt that I COO cp1I> wore c^ainlctl by each ob^'Orver, or (Fiat K>00 ro!N v.o:r 
c<nintr<J l>y rarh motluKi. Kninibhaar and Cu^ter^’ liavo dotonninw that 
this nund>Vr of i- tjsnalh* sn/TIcionf for dopendnbl^^ county of rnarroa. 
Tlic ct^nintinj; \va< koj^t strictly indi\'idua! without intcrHian^o of opinion n/n- 
reminc ceilular identity nr refermre to oIIkt counts of the same inarrov;, n 
order to insure as severe a of tlio iruli\ndua! techniques 
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Techniques and Both Obsekvers 

'1000-2000 in Each Experiment) 
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The main morpliologic criteria used in the identification of the cells by either 
technique are listed in Table 1. Differentiation of the jmunger cells in sec- 
!(:> tjons IS hievitably dependent upon comparisons and evaluations relative to 

(ijj the staining of other cells in the same preparation, and there is no infallible 

way to differentiate indi\-idual early forms in stained preparations of bone 
fp' niarrow, if seen alone. This is achieved vith considerable certaintv, however, 

it the staining of any given section is considered as a whole. 

# 
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It is recognized that the cytologic classification chosen is subject to con- 
trove^y. It was chosen merely to facilitate comparison botwceu the two 
technique^ by synchronizing the nomenclature where possible, and no attempt 
is intended to uphold any specific concepts as to cellular origin, Xo attempt 
was made to separate either the myelocytes or pohinorphonuclcars into 
sul>>groups. 

Presentation and Discussion of the Experimental Data. Tiiroughout 
the text the word Vliiplicatc’' is used to indicate two counts made by 
the same technique, but by different observers, on different specimens 
of the same marrow. Tlic word '‘corresponding” is used to indicate 
two counts made by the supravital and section techniques, respectively, 
by the same observer on different specimens of the same marrow. 
The observers, and the counts by each, are referred to separately as the 
first and second, respectively. 

Tiic differential counts by each observer are listed in Tabic 2. 
Supravital counts were not made on animals 6 to 10 inclusive by 
Observer 1, and on animals 2 to 10 inclusive by Observer 2. Tabic T 
was compiled from Table 2 in order to facilitate evaluation of differ- 
ences between counts. As defined in this table, a difference between 
counts is “statistically significant’’ if the “probability” of its occur- 
rence by chance is less than once in 100 times. 

The data may now be considered from the following aspects: 

1. The Vnrmtwm Bciiircn ** Duplicate'* Coiniis bp Different Ohserrer.'t 
l\s'ing (1 Single Technique {Tables 2 and o). This analysis is designed 
to determine the extent of personal difiercnces in classification, irrespec- 
tive of technique, and the degree to whicli susceptibility to such 
personal differences is influenced by technique. 
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It is obvious from Table 3 that there is less variation between the 
duplicate supravital counts than between the duplicate section counts. 
In fact, with the exception of the myelocytes, polymorphonuclears and 
megaloblasts, the differences between the means of the duplicate supra- 
vital counts are not “statistically significant,” while those between 
the means of the duplicate section counts are “significant” in most 
instances. Further analysis of the table shows that while the devia- 
tions between the means of the duplicate counts of myelocytes and 
polymorphonuclears are “significant,” by either technique, the devia- 
tion between the means of the duplicate counts of total myeloid cells 
is “insignificant” in the supravital counts, and relatively “insig- 
nificant” in the fixed counts. The variations between the duplicate 
counts of myelocytes and polymorphonuclears must, therefore, be 
dependent largely upon “personal factors” (chiefly upon lack of agree- 
ment on the part of the two counters in differentiation between the 
members of the myeloid series) and not upon the limitations of the 
methods employed. This is borne out by the fact that the differences 
between the duplicate counts of these cells occur in a single direction 
in practically all counts (Table 2). 

The same conclusion applies to the differences between the duplicate 
counts of megaloblasts by either method, since they also occur almost 
uniformly in one direction (Table 2). 

Analysis of the differences between the duplicate section counts of 
the remaining cells of the marrow indicates that they also are dependent 
largely upon personal differences in cytologic differentiation. The 
differences between the duplicate section counts of erythroblasts are 
almost consistently in one direction (Table 2), but, unlike the myeloid 
series, they are not counterbalanced by the other members of the eryth- 
roid series and therefore the means of the total erythroid counts also 
differ “significantly” (Table 3). The differences between the dupli- 
cate section counts of erythroblasts occur almost uniformly in the 
opposite direction to the differences between the duplicate counts of 
lymphocytes and are of the same order of magnitude (Table 2). It 
seems probable, therefore, that lack of agreement on the part of the 
two counters in differentiation between these two types of cells in 
sections represents the “personal factor” responsible for the variations 
in the duplicate section counts of not only erythroblasts and Ijnnpho- 
cytcs, but of all the other values dependent upon them (total nucleated 
red cells, combined myeloid and erythroid cells, and M/E ratios). 

This aiialysis, therefore, indicates that when “statistically signifi- 
cant” differences occur by either technique between duplicate counts 
by different individuals they are the result of differences in cytologic 
differentiations by the individuals, and are therefore controllable. 
Such “personal differences” apparently occur more easily with the 
section technique. 

2. Comparison BcUcccn '•Corresjmiding” Svjnaviial 07 id Scciion 
Co7nds by a Single Observer {Tables 2 and 3). This analysis is designed 
to bring out points of difference in counts made by the same individual 
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by the two methods, the reasons for difference, and the relative de- 
pendability of counts by each technique* 

From Table 3 it is seen that, with the exception of the lymphocytes, 
the differences which occur between corresponding counts by the two 
methods are in the same direction for each observer and may, therefore, 
be regarded as due to differences of technique and not to ‘‘personal 
factors**' These differences are discussed in groupings based on prob- 
able interrelationships. 

The percentages of both myeloblasts and, to less extent, megaloblasts 
tend to be slightly greater in the section counts (Table 2)* The per- 
centage of erythroblasts is greater, and that of normoblasts less in the 
section counts, although the total percentage of nucleated red cells is 
usually the same by either method. These three facts, as well as the 
irregularities in the “duplicate'' lymphocytic counts, all seem to he 
explainable on the same basis. In supravital preparations, differentia- 
tion of the erythroid series depends upon the quantity of hemoglobin 
detectable in the unstained living cell; in sections, differentiation of 
cellular types depends upon the character of the nuclei and the degree 
of basophilia of the c\'toplasm, coupled with the presence or absence 
of cytoplasmic inclusions. The delicacy of detection of these factors 
in sections is dependent upon the extent of crowding of the cells and 
upon the depth and differentiation of staining. The less complete the 
differentiation, the more pronounced becomes the basophilic side of the 
picture, /. r,, density of nucleus and blueness of cytoplasm, and the 
less the acidophilic side, ?. c., granules and hemoglobin. Consequently 
there is a tenrlency toward overshadowing of the earliest acidophilic 
characteristics in fixed staining with the result of an apparently slightly 
increascf! proportion of the youngest cells in section counts. For the 
same reason there is an apparent shift between crytliroblasts and nor- 
moblasts in favor of the former* Finally, the shift toward basophilia 
causes difficulty in the differentiation between Kanphocytes and eryth- 
rohlasts. It is probable that this is the factor involved in the lack of 
agreement between the “duplicate'* counts of these cells which was 
discussed previously. The fact tliat tlie difference l>etwecn the means 
of the “awresponding" counts of lymphocytes is reversed for the two 
observers (Table 3) may reflect greater difficulty for one of them in 
differentiation between these cells in sections. 

The perc'cntages of polymr>rp!ionuclears are consistently higher in 
the section counts, while the percentages of myelocytes are relatively 
the same in both counts. Consequently, the percentages of total 
granulocytes are proportionately higlier in the section counts, and 
therchne also the comhineri total perct*ntagc»s of erythroid aiui myeloid 
cells, and the M, F ratios. 

There are two factors which sfiould he considered as j>ossib!e expla- 
nation^ of this difference^ in jK>lymorphf)nuclear c*ounts by th(‘ twr» 
metlnxls. First, tiie manner of making the supravital emmts was such 
that the more motile and mor(‘ easily disturbed p<-)lyniorp}ionucIear- 
might have been peripherally from the fragments of inarrov.* 

m>on which thv nmnts were made, and thu^ have be#m exHuded frotn 
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the counts. Since the divergence of the supravital counts from the 
fixed counts is so constant, this explanation seems unlikely, as floating 
of the same proportion of cells in every smear would hardly be expected. 
Second, the average increase in the polymorphonuclears in the section 
counts (10.8%) is practically equal to the mean percentage of mono- 
cj'tes in the supravital counts (11%). Monocytes are recorded only 
in the latter counts. The nuclei of monocytes are frequently similar 
to those of the younger polymorphonuclears. Both cells have cyto- 
plasmic granules in fixed material, and the cytoplasm itself is frequently 
indiscernible in crowded areas. For these reasons it is probable that 
inclusion of monocytes with polymorphonuclears accounts for the 
consistently greater proportion of polymorphonuclears by the section 
technique. 

The percentage of reticular cells is greater in the section counts 
(Table 2), the average increase (1.3%) being equal to the percentage 
of clasmatocytes in the supravital counts (1.4%). As in the case of 
monoc 3 ^tes, clasmatocj^tes are recorded onB^ in the latter counts. 
Reticular cells and clasmatocytes generallj^ assume a similar elongated 
shape. Their nuclei are fairlj'- similar and their cj^toplasm equallj^ 
indefinable unless characterized by inclusions. From these vai’ious 
considerations, therefore, it seems probable that the increase in reticular 
cells in the fixed counts is due to inclusion of clasmatoc^^tes with counts 
of reticular cells. 

3. The Marroio of the Normal Guinea Pig (based on the average of 
the combined counts bj'’ both observers. Last column, Table 2). 
Seventy-five per cent of the cells in supravital counts of the marrow of 
normal guinea pigs, and 85% in fixed counts, are comprised of the 
combined mj^eloid and erythroid cells. Ljunphoc^'^tes comprise roughlj'’ 
10% bj’’ either method, and the sum of the reticular cells, clasmatoc^^tes 
and giant cells, 5%. Finally, monocytes comprise 10% in supravital 
counts while their inclusion with polymorphonuclears in section counts, 
as has been discussed, is probablj'^ responsible for the higher value of 
the sum of the mj^eloid and erj^throid cells in the section counts. 

The percentages of both myeloblasts and megaloblasts are slightlj^ 
greater in section than in supravital counts. either method alone, 
however, the,y equal each other and are less than the percentage of an}'- 
other cells of their respective series. 

There was considerable discrepanc}' on the part of the two counters 
in differentiation between mj'elocj'tes and pol.ymorphonuclears, respec- 
tively, as has been discussed under heading “1.” Therefore, although 
the average combined percentage of m.A'^eloc^^es by either method is 
the same, the discrepaney in classification makes it impossible to formu- 
late any statement concerning the normal proportion of mj'elocytes to 
pol.vmorphonuclear cells. 

The ratio of normoblasts to erjlhroblasts varies with the technique, 
although the total number of cells of the erythroid series is uninvolved. 
In the supravital counts there are four times as many normoblasts as 
erythroblasts. In the section counts, the per cent of normoblasts is 
less than that of erythroblasts. That the anesthesia mav have influ- 
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enced the erythroid values is possible, but not very probable, in view 
of the sliort period in which it was in effect before the specimens were 
obtained. 

While slightly higher by the section than by the supravital technique, 
the yi'E ratios fluctuate around unity. This figure is low compared 
to the ratios obtained by other workers with other species, as reviewed 
by Sabin.- The fact that the ]M/E ratio represents tlie proportion of 
all myeloid cells (mature polymorphonuclears ready for emigration as 
well as immature myelocytes) to only the immature nucleated red 
cells, irrespective of the number of possibly newly formed erythrocytes, 
seems to throw question upon the wisdom of too rigid an interpre- 
tation or comparison of this value. 

Discussion. Isaac's^ observation that the cells of marrow stain more 
ijitensely and more like blood cells when exposed to serum is significant 
in evaluation of techniques for the study of marrow. He found^^ that 
the morphology of cells prepared by the touch technique differs from 
that of blood cells evidently for lack of suitable moistening. With 
this e.xception, mixture with more or less serum obviously occurs with 
most of the techniques used for the preparation of smears of marrow. 

Custer,' Tuohy and Gillespie,'^ Dameshek,^ Jones, Kato,^^ Krumh- 
haar and Custer,^* and Gall,® as well as others, obtained satisfactory 
cytologic detail with fixed smears prepared by cither smearing marrow 
on slides or by the touch technique. Tlie latter 3, however, believe 
that differential counts made hy these tccliniqucs are inaccurate, and 
that, as Peabody^® first suggested, study of sections is more dependable 
for estimations of relative ccllularity. Morris and FalconerJ® on the 
other hand, compared smear preparations of aspirated mitrrow to scc« 
tions and state that “smears and sections checked well.'* They are 
not specific, however, as to whetlicr reference is had to qualitative or 
{|uantitative eoin])arisons. 

Sahin, Miller, Smithburn and Hummel** made duplicate counts of 
rabbits' marrow from fixed and supravital films anrl ol)tained good 
n)rrelation in half of the instances. In their opinion the supravital 
technique is the better staiulard. Doan and Zerfas^ userl both methods 
witli satisfaction. (hilP found the supravital, as well as the touch 
technique, unsatisfactory for counts. Jones** agrees in regard to the 
ftwiner technique, but not in regard to the latter. 

('u^ter.* as well as Daineshek, Ilcnstell and Valentine^ and Doan,' 
stigtrt^st that adequate study of the marrow should im-hide more than 
one tcchnif|ue. I\rumf>iuiar and f'uster** suggc.>t, further, that com- 
parative <fnints should he made, not only by the same teclmiqnes, Imt 
by the same person. The conchuling w(»rds of Doan and Zerfas^ in 
their enumeration of the factors whu'h give rise to this variety of 
opinion’^ etaiceminc tec!mique> are illustrative of tin* status up to the 
present time: all (ff these, and more, make it riecr^siry to le- 

very oui'ervativc in the drawing of deductions from any one lirnif^'^l 
serio of ob'crv ationN or in trying to i'<»mpare tlie figiirt'> obtain<*<l from 
irulerent invi*-'tigator-. ' 

In the >tt:di*-^ re 5 >fCted iurr, a variafife ifegree of trauma and inaffe- 
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quate distribution were found to be inevitable in fixed smears of mar- 
row, and consequently to invalidate differential counts made from 
them. Detailed comparison between differential counts by different 
methods was therefore carried out only on counts from sections, and 
from small pieces of marrow stained supra vitally. From the considera- 
tion of the data it seems apparent that fairly dependable differential 
counts of marrow are possible by either of these techniques. There 
are certain differences in counts by the two methods, however, which 
are inherent in the techniques and which must be recognized and given 
due evaluation. 

The supravital technique permits of closer agreement between dupli- 
cate counts and of surer differentiation of all types of cells. It permits 
the detection of the two phagocytic mononuclear cells, clasmatocytes 
and monocytes, and it facilitates the study of certain of the physiologic 
activities of marrow cells. On the other hand, it permits study of only 
the hematopoietically acti^^e areas of the marrow, and gives little 
information concerning the frequency of such areas. 

The section technique permits of sufficiently close agreement between 
duplicate differential counts for most purposes, and offers the advan- 
tage of a general ^rvey of the marrow as a whole, hematopoietic 
centers as well as inactive ones. It does not permit of differentiation 
of the phagocytic mononuclear cells, which obviously results in a cor- 
responding inaccuracj'’ elsewhere (probablj'^ in the counts of poly- 
morphonuclear and reticular cells). 

There are various technical factors in the preparation of sections for 
counting which require great care if the maximum accuracy is to be 
obtained. If these are neglected the sections may actually mislead, 
since errors in technique may cause incorrect classification of cells. 
Meticulous adherence to the proportions stipulated by Kingsley^ for 
the fixative has been found to be perhaps the most important factor 
involved. A mistake at that stage is irrevocable and can lead to subtle 
errors in classification that are extremely difficult to detect. Most 
important among these is a granular precipitation of hemoglobin which 
results in confusion between nucleated red cells and granulocytes. 

Inadequate staining may also lead to errors in differentiation, but 
they are rectifiable by use of new sections. Experience with the stain 
and the degree of differentiation necessary for accurate differential 
counting are all that are needed to avoid such errors and they will 
therefore not be discussed in minutise. 

We agree with those who advocate that examination of marrow 
should include the use of more than one technique. However, where 
that is impracticable, relatively dependable differential counts may be 
made by either of the techniques employed in these studies; but those 
by the supravital technique are subject to less error, and offer more 
inforination. Conclusions based upon the counts made with either 
technique must be made with cognizance of the sources of error in 
each, and especially with full appreciation of the fact that a differential 
count of small portions of marrow represents the relationship betv^een 
pells in active hematopoietic areas, and does not necessarily offer 
inforination as to the relative frequency of such areas. 
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Summary. 1. A method is described for counting the hematopoietic 
cells of small pieces of bone marrow supravitally. 

2. Counts of bone marrow of normal guinea pigs have been made 
from (1) fixed smears prepared by a variety of methods; (2) small 
pieces of marrow stained supravitally; and (3) sections fixed and stained 
by Kingsley's method. 

3. Inadequate distribution and trauma are found to be inherent 
sources of error in the use of fixed smears. Differential counts made 
from them are therefore less dependable than by the other two methods. 
The data by the other two methods have been analyzed statistically. 

4. The difference between section counts of the same marrow by 
different observers is greater than between supravital counts imder the 
same conditions. Both methods, however, are sufficiently reliable for 
studies based upon comparative, rather than absolute, values. 

5. There are certain differences between counts of tlie same marrow 
by the section and supravital techniques, respectively, which must he 
taken into consideration in evaluation of any count of bone marrow. 
These are inherent in the techniques and have been analyzed for the 
probable explanation. The most important differences between sec- 
tion and supravital counts arc: (1) a greater percentage of polymorpho- 
nuclear colls in section counts; (2) inability to differentiate monocytes 
and clasmutoc\lc5, specifically, in section counts; and (3) a shift 
toward the younger cells of any series in section counts, Tlie method 
used in any study, therefore, should always be stated, 

6. The mean differential count of the bone marrow of normal guinea 
pigs is established, and certain generalizations concerning the propor- 
tional relationships arc formulated from it. 

* WV to thank Dr. P- M. Dcn«cn, Dopartmrnt of Provontivo Medioino, Vatulcr- 
InU t*nivor>ity MctJirat School, for continued fruidance in-llie statistical analyses of 
tiie ex{'ertnienta\ data. 
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TOXIC EFFECTS OF SULFONAMIDES ON THE EYES 

By H. P. Wagener, M.D. 

With the main purpose of estimating the probable efficacy of various 
sulfonamides in the treatment of extra- and intraocular infections, a num-^ 
her of investigators have made determinations of the penetration of these 
drugs into the tissues of the eye. The relative concentration in the differ- 
ent tissues and fluids may have some bearing on the toxic as well as on the 
curative effects. 

Bellows and ChinM’® found that, in dogs, after a single massive dose of 
sulfanilamide by mouth (0.2 gm. per kilo of body weight), traces of the drug 
could be detected in the eye within 15 minutes. Maximum concentration 
was reached within 6 hours in all the tissues examined except the lens in 
which maximum concentration occurred in 12 hours. The concentration 
of sulfanilamide was found to be in the chorioretinal tissue 80 %, in the 
corneo-scleral tissue 65 %, in the aqueous 60 %, in the lens 50 %, and in the 
vitreous 45% of the concentration in the blood which reached 19.1 mg. 
per 100 cc. Elimination of the drug from the lens and vitreous was rela- 
tively slow so that at the end of 24 hours, the concentration in these tissues 
was about 120% of that in the blood. When divided therapeutic doses 
were given, the relative concentrations were essentially the same as after 
a single massive dose in the aqueous, vitreous and chorioretinal tissues 
hut were definitely higher m the lens and corneo-sclera, 100% and 150% 
of the blood levels respectively. The concentration in the aqueous was not 
increased by the local application of heat, dionine, atropine or eserene hut 
was increased by the instillation of mecholyl and by paracentesis, both 
of which increased the amount of protein in the aqueous probably by 
increasing the permeability of the capillaries in the ciliary body. In 
2 patients who were taking 3 gm. of sulfanilamide by mouth daily 0.8 mg. 
per 100 cc. and 1.5 mg. per 100 cc. were found in the tears. Bellows and 
Chimfl-® were of the opinion that the drug passes into the tissues by simple 
diflusion and the ti.s.sucs do not act to concentrate the drug. The "sulfanil- 
amide passes into the aqueous and vitreous by dialysis from the blood and 
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enters the lens from the surrounding media. MengcP found a concen- 
centration of 1.5 to 3.2 mg. per 100 cc. in tlie aqueous and vitreotis of 
2 blind human eyes after the administration of sulfanilamide orally. 

IMeyer, Block and Chamberlain^^ found that, after the administration 
of 1.2 gm. of sulfapyridine by mouth to rabbits, the concentration in 
4.} hours was in the blood 20 mg. per 100 cc,, in the aqueous 14 mg. per 
100 cc., and in the cornea S.5 mg, per 100 cc. After 7v hours the concen- 
tration was in the blood 10 mg. per 100 cc., in the aqueous 7,0 mg. per 
100 cc., and in the cornea 15.7 mg. per 100 cc. Bellows and Chinid-^ found 
that 4 hours after the administration to dogs of 0.2 gm. of sulfapyridine 
per kilo of body weight the blood concentration was 6.1 ing. per 100 cc. 
The concentration in the sclera was 114%, in the cornea 110%, in the 
chorioretina 100%, in the vitreous 90%, in the aqueous 80%, and in the 
lens 18% of the blood concentration. 

Bellows and Chinn**-® made determinations also of the amount of sulfa- 
thiazole in the tissues of the eye in dogs 4 hours after the administration of 
0.2 gm. per kilo of body weight. They found that the concentration in 
the blood was 7.4 mg. per 100 cc. and that the concentration in the sclera 
was 140%, in the chorioretina 06%, in the cornea 27%, in tlie vitreous 
13%, in the aqueous 5.2%, and in the lens 0% of that in the blood. 

Scheie and Souders-" made a comparison of the concentration of sulfanil- 
amide, sulfapyridine, sulfathiazolc, and sulfadiazine in the aqueous after 
a single massive dose orally. In 6 hours the aqueous contained 72% of 
the blood level of sulfanilamide, 02.8% of sulfapyridine, 48% of sulfa- 
diazine, and 17% of sulfathiazole. In 24 hours, the aqueous contained 
78% of the blood level of sulfanilamide, 81% of sulfapyridine, 75% of 
sulfadiazine, and 18% of sulfathiazole. TJie secondary aqueous after 
paracentesis contained 80% of the blood level of sulfanilamide, S-S% uf 
sulfapyridine, 80% of sulfadiazine, and 50% of sulfathiazole. Scheie and 
Leopold-** found that in eyes with experimentally produced corneal ulcers 
the concentration of sulfathiazole in the aqueous rose to 40% of that in 
the idood and in eyes with experimental infections in the vitreous to from 
82% to 91 % of the blood level. .Also the local instillation into the eyes of 
meeholyl or histamine caused a rise in the aqueous to from 30% to 50% 
of the blood coneentration. Licbinan and Xewman*^ obtained eornpar- 
alde restdts from a similar investigation. In the primary aqueous the 
eoneentration of sulfanilamide was 07 % of that in the bloo^l, of sulfapyri- 
ditie 0‘l%. of sulfadiazine 55%, and of sulfathiazole 17%. In the seeon- 
flary aqueous the eoneentration of sulfanilamide in the aqueous was 
of that in tlie lilood, of sulfapyridine 9S%, of sulfadiaziru* 102%, and of 
sulfathiazole 41%. Liebrnan and Newman*"* stated that analysis of iIm* 
eyes obtained at necropsy from 2 patients who bad reeeive<l sulfapyridine 
and 2 who hiul received sulfathiazole yielde<l n^sults similar to tho*e 
obtaiue^t in rabbits’ eyes. 

Alvaro* stated: “The fact that sulfonamide corrqK»unds jK-netrate into 
the tL'‘Ue> of the ey(» in cr)net*ntrations <udy soinewltat lower than the 
(-onetTitraiion in the bkMvk and the demonstration of the jKitentinl afr-orje 
tion by th<‘ several of the eye}>a]I, make it ea'^y to under-tanf! vhy 

thvre i-i a f-oinparatively large grouj) of oeular change'-' v.diich have li’‘'e*n 
atiribute'd to drug>.“ Among llo' toxic man ib'^Ua 1^)0- wtuedi are 

reported to have in the fyi'>, Alvarrd Tnentione<l edema of the 

lid- and eon]unetiva\ o»nj?inrtiviti-. s^'I^-r.d re.tctiorj-. r-rIL in !h»* 
iriti-. txitrtrur! f/irrnatiorn mydria.-is hernorrliagic extrav.'L-ation* in y 
rerina, rderna of tlc' retz.na. oprm netiriti%, rf’fhwtiou tn th*' Orid- of 
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blurred vision of undetermined etiology, and transient changes in refrac- 
tion. To these may be added the partial paralj'^sis of the oculomotor nerve 
which was reported by Pitter^^ to have occurred during sulfanilamide 
therapy of gonorrhea. It is of interest to note, however, that with the 
exception of transient changes in refraction, reports of toxic manifestations 
in the eyes have been very Infrequent. It seems probable that the relative 
infrequency of reports of the occurrence of conjunctivitis is due to the minor 
nature of the lesion and to its usual association with toxic lesions of the skin. 

All of the changes in refraction reported to date have been in the direc- 
tion of myopia except in the case described by Thorne^^ in which vision 
was improved from 20/200 to 20/20 in each eye by -i-3.50S and -f-.SOCyl 
ax 180. Since Thorne^^ suggested that the change in refraction mighty be 
due to spasm of the ciliary muscle, one wonders whether the minus sign 
may not have been inadvertently changed to plus in transcription. So far 
there has not been a very satisfactory explanation of the mode of develop- 
ment of these transient changes in refraction. The theory of spasm of 
the accommodation seems to have been pretty well disproved. The 
explanation of the myopia on the basis of edema of the lens, probably 
allergic or angioneurotic in origin, has been advocated by Spellberg,^® 
Mattsson,^® Gailey,*^ Bristow,® Rittenhouse,®® Spearman,®® Hornbogen,*^ 
and Blankstein.® Rittenhouse®® has suggested the possibility that rapid 
absorption of the drug may bring about a change in water and salt metab- 
olism which would affect the lens. He suggested also a possible toxic irri- 
tation of the parasympathetic fibers of the ciliary muscle. According to 
Rittenhouse,®® Nitti and Bovet and Hageman and Blake were not able to 
produce sensitivity to sulfanilamide under experimental conditions. 
Blankstein® suggested that the edema of the lens might be the result of an 
osmotic change produced by the unequal distribution of the drug in the 
various tissues of the eye. Krause suggested, according to Blankstein,® 
■ that a low hydrogen ion content of the blood, which occurs at times during 
sulfonamide therapy, might activate the osmotic power of the lens tissue 
and favor its swelling. 

Alvaro^ collected 36 cases of transient myopia. Of these, 33 occurred 
during the course of sulfanilamide therapy and 3 during treatment with sul- 
fapyridine. The amount of myopia developed in the sulfanilamide cases 
varied from 1.50 D to 4.50 D and averaged 2.60 D. In the 3 sulfapyridine 
cases, it was 2.00 D, 6.50 D, and 7.00 D, averaging 5.25 D. The amount was 
often different in the two eyes but both ej'^es were affected alwaj’^s. Men 
were affected slightly more often than women. The age incidence was 
as follows: below 20, 9.5%; between 20 and 30, 38.1 %; between 30 and 
40, 23.8%; and over 40, 28.6%. The smallest amount of sulfanilamide 
which had been taken before the onset of myopia was 0.3 gm. and the 
largest 42 gm. The smallest amount of sulfapjTidine was 5 gm., and the 
largest 85 gm.; 36.36% of the individuals had taken less than 2 gm. of 
the drug: 13.6% between 2 and 4 gm.; 13.7% between 4 and 10 gm.; 
22.6% between 10 and 20 gm.; and 13.7% more than 20 gm. The time 
of onset of the myopia after starting sulfanilamide varied from 12 hours 
to 14 days and in the sulfapyridine from 14 to 30 days; 36.36% of the 
cases occurred Avithin 24 hours after the drug was started; 13.6% between 
the 1st and 4th days; 4.5 % between the 4th and 9th days; 18.1 % between 
the 10th and 20th days; and 22.7% after the 20th daV. In 8 cases the 
niyojna occurred after the drug had been stopped and 'started again in a 
second course. In only 1 of these cases had the drug been stopped because 
of the appearance of general signs of intolerance. There seemed to be 
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some relationship betwen the amount of myopia developed and the 
amount of the drug taken, the duration of treatment, and the age of the 
patient. Patients M’ho had taken up to 2 gm. of the drug developed an 
average of 2.00 D of myopia; between 2 and 10 gm. 3.37 D, and over 
10 gm. 4.17 D. Patients who had taken the drug for 24 hours or less 
developed an average of 2.00 D of myopia; between 2 and o days 3.10 1), 
between G and 15 daj’s 4.60 D, and over 15 days 6.50 D, Patients below 
the age of 20 developed an average of 5.00 D of myopia; between tlie 
ages of 20 and 30, 4.29 D; between 30 and 40, 2.5S D; and over 40, 2.40 D. 
The myopia lasted for from 1 to 15 days (averaging 4.9 days). No rela- 
tionship could be established between the amount of the drug taken and 
the duration of the myopia. All of the patients recovered without sequehv. 

With the exception of the cases reported by Hornbogen^' and by Kster- 
man'^ in which edema of the lids and conjimctivre accompanied transitory 
myopia occurring in the course of sulfanilamide therapy, all the toxic 
conjunctival and scleral reactions have been described in cases under 
treatment with sulfathiazole.* Haviland and Long^^ reported that in 6 of 
78 cases receiving sulfathiazolc, there occurred between the 4th and 
iGth day of treatment conjunctival and scleral injection, restricted in the 
main to the exposed portions of the bulbar conjunctiva and sclera with 
buniing and watery discharge. In 4 of the G cases the eye lesions occurred 
in association with skin lesions. In 3 cases the eye neurest the light was 
involved solely or primarily. The palpebral conjunctiva was involvccl also 
in the 2 cases most exposed to light. However, there was no “after sen- 
sitivity” to light and no rctTudesccnce on exposure to light after <iis- 
continiuincc of the sulfathiazolc. Exposure to light did not invariably 
bring on the conjunctivitis. No definite relationship could established 
l»ctween the onset of the conjunctival reaction and the blood level of tlie 
<lrug. In I patient the conjunctival reaction recurred on rcadministration 
of the drug. \"olini, Levitt, and O’XeiF^ reported that conjunctiva! 
reactions occurred in 5 of ISO patients receiving sulfathiazolc, in 4 in 
a‘^sociation with skin reactions. The average dose taken by the a(Teete<l 
patients was 34 gm., and the concentration of sulfathiazolc in the hloofi 
averaged 4.2 mg. per 100 ee., varying from 2.5 to 7.1 mg. ])er 100 c<^ 
The conjunctivitis was severe fret|uently with bright red injection (»f the 
pa!pel)ral and hulhar conjunctiva, edema of the cycliiis, photophobia and 
seropundent discharge. It cleared up rapirlly witliout residuals after the 
flrug was stf)pped. Volini’* tliought that irnrnefliate fliscontinunnee wa> 
ifulicated on the appearaiu'e of tlie conjunctival reaction. Turkell and 
Wilheinr' oh-erv(*d 7 eases f>f eonjunetivilis during administration of 
sulfathiazole. Quantitative determination of the sulfathiazolc concentra- 
tion in tln‘ tears was made in 4 of tlu^sc 7 ami in 10 other priticnts'rc<*<‘iving 
sulfathiazolc but without <'f)njunetivitis. Sulfathiazolc was found in tla- 
tears of all 14 in t orcent rat ions varying from 0.1 to 0.9S mg. per 100 < e, 
Ibil th«‘ amount in the tears was not proportional to the bloofl coneentra- 
tion but wa^ inflmiuei! !>y tlu' sf^fTctory funetion of the latTimal gland, 
hi uU ease< *4 <-onjunelivitis. tlu' su!fatliiaz/»!e fHjju-eiuration in the t«'ar' 
r»*ae!ie<! n.r» mj:. r 100 vo, or nu^re. However, in of 10 ea"*-' without 
ftinjiuietivitis, tie* '‘Ulfathiazole e<,nrentration v;as O.rai mg. p*’r H'O ee. or 
more. Trie n>njuneTiviri^ wa- mu eau-e*! appari-ntly by an inere.'*. 
<’tpm*entratii»n of >u!fat!ii:izo!e in the T»*ars. Af'^‘ording to Turkell ar.o 
Will2!4fn.*' *‘T he ^>»nju:^erivitt^ <K^nirrin: 
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has observed several cases of this t^-pe hi patients at the Mayo Clinic. 
Unfortunately no record was kept of the particular drug used in the 
indi\ddual cases. The liemorrhagic areas -were of the thick so-called 
‘‘purpuric’* type. Baker^ reported the case of a man, aged 36, wlio received 
370 gr* of sulfanilamide in 4 days for the treatment of pyelitis with ureteral 
plculi. Vision was reduced to 20/60 in each eye. Ophthalmoscopic exam- 
ination revealed hall-shaped tufty hemorrhages along the smaller arteri- 
oles.” One was at the center of each macula. The liemorrhages cleared 
up in I month. Blood studies were essentially normal, and Baker con- 
sidered that the hemorrhages were due to increased permeability of the 
vessels of the retina. Goar*'* reported hemorrhagic extravasations into the 
retina in 2 patients both of whom were under treatment with sulfathiazole. 
A woman, aged 34, had received 78 gm. of sulfathiazole in 8 days for the 
treatment of a pneumonia due to the Type 1 pneumococcus. In the right 
retina there were 4 globular hemorrhages close to the optic di.sk; in the 
upper temporal quadrant of the left retina was a prerctinal hemorrhage 

3 disk diameters in size. One week later the vision was worse; there M'as a 
discrete spherical hemorrhage in each macula. At the end of a inontli, 
vision was 20/30 with the right eye and 20/100 with tlie left. The blood 
had been absorbed to a great extent. There was no evidence of blood 
^lyscrasia or of renal or vascular disease. In Goar’s second case, a woman, 
aged 37, had reccivcfl lO.o gm. of sulfathiazole in 3 days when .she com- 
plained of blurred vision. Three weeks later, vision was 20/400 with the 
right eye and 20/25 with the left. Ophthalmoscopic cxainination rcveale<! 
in the right macula an area of destruction of the retinal elements and below 
this a cherry red spot of hemorrhage. The left retina was normal. One week 
later, vision in the eye was 20/30. Most of the blood Itad i>ecn af)sorl)cd 
from the retina. There was some pigment proliferation in a rliscrete cir- 
cular area in the macula. 

Three studies liave been made which might be siiul to e.stimatc the visual 
efliciency of individuals receiving sulfonamides without any gross evi- 
<lcncc.s of toxic reactions. Rosenthal-^' gave 90 to 195 gr. of .sulfanilamide 
to 2 experimental subjects and found that the angioseotoiuas in the 
cainj)imeiric fields were reduced in %ridth and length. They returnerl to 
normal in 4 or 5 days. Tins change in the scotomiis was not due to oxygen 
cleprivation siiu'c oxygen deficiency tends to widen the scotomas am! .'^inee 
the ang!o>c*otomas in the individuals receiving sulfanilamide were not 
incre.ased in size by giving oxygen. Rosenthal^ postulated a relative 
incre.ase in the oxygen present in the region of the retinal .synap-^e or a 
po-NiLU* sfH'cific iniiuence of the sulfanilamide directly or imlirectly on 
the synaj)^c and on the retina! nutritive state. Alvaro* and Silva examined 
14 patients for visual acuity, licht and color sens(», acx.'ornrnodation, 
balance, st.atc of the nuMiiri and fundi, ocular tension, and pressure in tie* 
tvntnd artery of tlie n‘tin:i before anti after treatment \rith sulfanilarnidf, 
Mtlfapyridine, and stdfathiazole. Xo changes were noted in the vbiial 
af'tiity, li::ht and <‘t)!nr .«^tatc of the media and fundi, ocular ten-ton, 

or prt'>'>urc in the rvntral artiTy of th<* retina. In 1 case, after liD gin. o, 
-!jlfathiaro!»\ ;«n exoj)!u>ria of 4^ wrt^ reduced to 2\ and in I ca-^c nnd^r 
‘*u!fapyridine thcntjiy an <'-’n])]u>ri:i of 2 was reduced to I In thcother 
patients rnti'efj* wa- no? ,ajTer?/‘d, Irt nil htjt I fowever, tic 
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In 2 cases under sulfapyridine with an average blood concentration of 
8 mg., per 100 cc., there was a 0.5 D reduction in accommodation in one 
and no reduction in the other. In 5 cases under sulfathiazole with an 
average blood concentration of 4.5 mg. per 100 cc., there was an average 
reduction in power of accommodation of 1.60 D. 

Finally, Reynolds, Evans and Walsh^^ studied the effects on visual 
efficiency of small doses of sulfathiazole or sulfadiazine given for the 
prophylaxis of gonorrhea and chancroid. Eight subjects were given 
sulfathiazole and 8 sulfadiazine, 4 gm. in 24 hours at the rate of 1 gm. 
4 times a day. Tests were made of the visual acuity, ocular muscle 
balance, abduction, adduction, fusion and convergence power, accommo- 
dation, depth perception, and size of the blind spots for color. The 
subjects were reexamined 8 and 32 hours after the last dose. There was no 
significant change in the visual acuity. There was no alteration in the 
muscle balance at 20 feet; tests at close range showed a tendency to 
increased exophoria. Half of the subjects receiving sulfathiazole showed 
lowered abducting power at the end of 8, but not at the end of 32 hours. 
Those receiving sulfadiazine showed no change in abducting power. 
Consistent reduction in the power of adduction was found in the subjects 
receiving sulfathiazole at the end of 8 hours, but not at the end of 32 hours. 
Only 1 of the subjects receiving sulfadiazine showed lowered adducting 
power. There was reduced efficiency of convergence and fusion in half the 
cases at the end of 8 hours, but this was marked in only 2 of each group. 
At the end of 32 hours, there was more residual weakness of convergence 
in the sulfadiazine than in the sulfathiazole group. No consistent effect 
on the power of accommodation for far or near was noted. One subject 
who received sulfathiazole showed a definite spasm of accommodation. 
Depth perception was tested by means of the Howard-Dolman apparatus. 
The efficiency of depth perception was reduced in half the sulfathiazole 
and in all the sulfadiazine subjects at the end of 8 hours. In some of the 
sulfadiazine subjects the deficiency in depth perception was marked and 
was persistent at the end of 32 hours. The physiologic blind spots were 
measured on the tangent screen at 33 cm. with red and blue objects. 
Two subjects in each group showed a notable increase in the size of the 
blind spots or a constriction of the color fields. In 5 of the 8 subjects 
receiving sulfadiazine, the blind spots were found to be slightly abnormal. 
In the opinion of Reynolds, Evans and Walsh, sulfathiazole and sulfa- 
diazine administered in small “prophylactic” doses are “not without 
untoward transitory effect on visual efficiency” especiallj'^ on the ocular 
muscle balance for near and on depth perception. They are inclined to 
think that sulfonamides should not be gi%^en to men who constantly require 
maximum visual efficiency, such as pilots, bombardiers, range finders, gun 
pointers, motorists, locomotir^e engineers, and precision workers. 
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It has just come to my attention that H. W. Satterthwaite (J. Urol., 49, 302, 1913) 
lias reported 3 c.ascs of conjunctivitis which occurred among 500 patients under treat- 
ment with sulfadiazine, along with other mamfestations of toxicity. The conjunrtiviti** 
subsided within 3 days after the drug was stopped. 
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Brucellosis in Man and Animals. By I._ Forest Huddleson, D.V.M., 
M.S., Ph.D., Research Professor in Bacteriology, Michigan State College, 
and the following contributing authors: A. V. Hardy, M.S., M.D., Dr.P.H., 
Associate Professor of Epidemiology, DeLamar Institute of Public Health, 
Columbia University Medical School Consultant, U. S. Public Health 
Service; J. E. Debono, M.D., M.R.C.P., Professor of Pharmacology and 
Therapeutics, Royal University of Malta; and Ward Giltner, D.V.M., 
M.S., Dr.P.H., Dean of Veterinaiy Division and Professor of Bacteriology, 
Michigan State College. Third Edition. Pp. 379; 42 figs. New York; The 
Commonwealth Fund, 1943. Price, $3.50. 

With this re^'ised edition, appearing 5 years after the first edition, the scope 
of the book has been broadened to include in addition to methods of laboratory 
diagnosis, the history, nature, diagnosis, treatment, and control of the disease. 
Considerable space is devoted to the bacteriology of the disease. “The value 
of new agents such as vaccines and drug therapy in the treatment of human 
brucellosis is anatyzed, and recent information pertaining to the epidemiology 
and diagnosis of human brucellosis is set forth.” There are appended 26 case 
reports illustrating different human clinical pictures, ivith frequent reference 
to these in the text. In view of some recent reports, it is noted that the rela- 
tionship of brucellosis to Hodgkin’s disease is probably coincidental, for the 
incidence of Hodgkin’s disease in Malta is quite the opposite to the frequency 
of brucellosis. The authors have assembled in a handy volume practically 
all the pertinent knowledge related to this subject, and the book should 
enjoy widespread acceptance and use among bacteriologists, clinicians, veter- 
inarians, and public health workers. M. T. 


Gynecology. By Lawrence R. Wharton, Ph.B., M.D., Associate in Gjme- 
cology, The Johns Hopkins Medical School; Assistant Attending Gynecolo- 
gist, The Johns Hopkins Hospital; Consultant in Gjmecologj’’, The Union 
Memorial Hospital, Hospital for Women of Maryland, Sinai Hospital and 
Church Home and Infirmary. Pp. 1006; 444 illus. Philadelphia and 
London: W. B. Saunders Company, 1943. Price, SIO.OO. 

Dr Wharton is to be complimented on this production, which includes in 
one volume, the closely related subjects of gynecology and female urology. 
The most modern knowledge concerning operative and non-operative phases 
of gjmecologjj and urologj' in the female is presented. His organization of the 
subject is logical and the text is vnitten in very readable form. 

The chapter on the anatomy of the pehdc organs is presented with excellent 
illustrations and a minimum of the usual confusing description. EmbrjRlogic 
development of the local organs is correlated vith the occurrence of congenital 
malfonnations that are so commonly seen in the urogenital tract. In his dis- 
cussion of the physiologj^ of the sexual organs the author places particular 
stress on the recent knowledge concerning the endocrine relationships within 
the female. 

Each organ— the \Rlva, vagina, cerAnx, uterus. Fallopian tube, ovarjq um- 
bilicus, and appendix— is discussed in detail as to the diseases and their diag- 
nosis and methods of correction. The techniques of the operative treatments 
arc illustrated step by step in large anatomic drawings. A consideration of the 
comphc.ations following gA-nccologic surgerj' is not neglected. IMethods of 
prevention and treatment of these conditions are given. 
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The chapter on the reljitionships in sjTnptomatolo"}* in diseases of the urinar%’ 
and reproductive organs in women is a particularly helpful presentation for 
those charged \\dth the responsibility of interpreting the complaints of the 
female. In this chapter the author emphasizes the bladder, ureteral, and 
renal s}7nptoms that may be actually caused by gjmecologic diseases, as well 
as abdominal and g^mecologic s>7nptoms that are actually due to diseases in 
the urinar}* organs. Important considerations in the differential diagnosis of 
the conditions are presented. 

The section on urologic diseases in the female is made up of the following 
subjects: methods of urologic diagnosis, malformations of the iirinan" organs, 
urinarj" obstniction, non-specific urinarj' infection, urinarj^ tract tuberculosis, 
nrinar}’^ stone, urinarj’ tumor, injup* to the urinary’ tract, and cl}cmotl)erapy 
in urinary tract infections. In this section particularly the author presents 
information that should be of interest not only to the gynecologist, hut also 
the urologist. 

Througlmut the book eacli cfmpter is followed by an extensive bibliography 
ofTcring excellent reference material for more detailed study of the subject 
matter. 

As a reference book for the gynecologist and urologist, and as a text-book 
for the student this volume should fill a recognized need. L. li. 


Behavior and Neurosis: An Experimental Psychoanalytic .Approach to 
PsYcnomoLOGic PniNcirLEs. By Juices PI. Masser.man, M.D., Assistant 
Professor of Psychiatry, University of Chicago, and Rcscarcii Associate, 
Otho S. A. Sprague Memorial Institute, Chicago. Pp. 200; 7 jdates. Chicaco: 
The University of Chicago Press, 1943. Price, ?3.00. 

Animal experimentation alone has con\inced the author of the vali<iity of 
showing that in a neurosis the fundamental psychodynamic factors .are the 
same as in the more complex emotional disturbances of Iniman beings, ^y}^!le 
n few dogs were uswl, most of tlic subjects were cats, as accidental stimuli 
affect thorn less, and their inhibitory' functions being weaker, behavior sliow.*' 
le,'S domination. Part I considers historical data and tlie results of lafioratory' 
ex|)erimcnts: Part II surveys pertinent literature on dy'namie and experi- 
mental neuroses; Part III attempts the clinical application of surli dat.n. ''T<> 
establish sy7nboI-reactive and goal-clirective patterns of behavior adafjtafion, 
animals were trained in an automatic apparatus to lift the lid of a box to 
secure foex! in response to one or more stimuli in various sensr»ry' rnodahtje^/’ 
P'rustration and conflict, the result of mechanically inducerl fear and anxiety, 
are said to have so affecte^i animal l>eliavior tfiat the subjects lierarrie ''neu- 
rotic” or ^'p^y'chntic,” Tiie bibliography e.xcmls more than 1000 titk-.^ 


The iNn'.rmors Diseases or Domestic .Anixiars. By William .yiTiitu: 
Hagen, D.V.M., Profes-or of Bacteriology' anfl Dean of the IVulty, 

New A'ork ?tate Veterinary' Cojlego, Cornell Univen-ity'. Pjl T/m; 145 ilb’*. 
Itliaea. N. fV>rn^toek PubH-liing CV>rnpany% I (M3. I Vice, 
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and Viruses. - For each of these groups or, where justified, for individual organ- 
isms, consideration follows the general pattern: morphologj’^, reactions in 
culture, natural habitat, pathogenicity _ and types of disease in susceptible 
hosts, diagnostic and control methods, immune response, and, where appro- 
priate, relation to disease of man. Each chapter and many chapter sub- 
divisions have short lists of well-chosen references appended. This is not a 
textbook of bacteriology in the usual sense, but combines the several aspects 
of infectious disease to form one that seems a well-worthwhile addition to the 
texts which have been available in this field. H. R. 


Behind the Sulfa Drugs— A Short History of Chemotherapy. By 
Iago Galdston, M.D., with a Preface by Perrin H. Long, M.D., Associate 
Professor of Medicine, Johns Hopkins University. Pp. 174. New York: 
D. Appleton-Century Company, Inc., 1943. Price, $2.00. 

The author has described in non-technical language the development of 
chemical weapons against infectious diseases from ancient times to the present 
day. An appropriately generous portion of the book is devoted to the storj’’ 
of Paul Ehrlich and of his influence for and against progress in this field. Of 
particular interest is the discussion of “The Doldrum Years” from the time 
of Ehrlich until 1935 when the discovery of sulfonamide therapy was an- 
nounced. These were the years when sulfanilamide remained on the chemists’ 
shelves and escaped recognition as a chemotherapeutic agent, while most 
investigators continued to be ineffectively preoccupied with the possibilities 
of synthetic dyes in treating infections. This is a very interesting book and 
will be enjoyed equally by those with specialized or general interest in medical 
science. J. L. 


Transurethral Prostatectojiy. By Reed M. Nesbit, M.D., F.A.C.S., 
Associate Professor of Surgery, University of Michigan Medical School, 
in charge of the Section of Urology, Dept, of SurgerjL With original draw- 
ings illustrating techniques by William P. Didusch. A Chapter on the 
Vascular Supply of the Prostate Gland by Rubin H. Flocks, M.D. Pp. 
201; 62 plates. Springfield, 111.: Charles C Thomas, 1943. Price, $7.50. 
Dr. Nesbit is recognized as one of the ex-perts in the field of prostatic 
resection. His book records, in an e.xcellent manner, his technique of surgery 
and methods of patient care. 

The first chapter on arterial distribution vdthin the prostate is based on the 
original work of Dr. Rubin H. Flocks. A knowledge of the circulation of the 
prostate is basic in the technique of prostatic resection. There is a chapter on 
the history of the development of the resectoscope. 

This book should be of great value to anyone doing prostatic surgeiy as well 
as to anyone concerned with the care of prostatic patients. L. L. 


Social Influences Affecting the Behaxuor of Y’'oung Children. By 
Ruth Pearson Koshuk. IMonographs of the Society for Research in 
Child Development, Vol. VI, No. 2 (serial No. 28). Pp. 71. Published 
by the Society for Research in Child Development, National Research 
Council, Washington, D. C., 1941. Price, $1.00. 

_ This is a carefully organized survey of the significant research publications 
since 1925, dealing ivith the bcha\-ior of young children as influenced by 
social factors. The divergent points of A-iew in this branch of “social ps\’- 
cln.atiy arc presented thoughtfully and vith fairness. An e.xtensive biblioc- 
raphy is appended. I W ^ 
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The TiiEnAi’Y or the Neuroses and Psychoses. By Samuee IIenuy 
KRuUNEs, M-D., Associate in Psychiatn% University of Illiuois, College of 
Medicine; Assistant State Alienist, State of Illinois; biploinate of American 
Board of PsychiatiY* and Xeurolog>'; Captain, United States Medical 
Corps. Pp. 567; 6 figs. Second ed. Philadelphia: Lea & Fcbiger, 19-l.L 
Price, S5.50. 

Captain Kraines is at present a military lecturer on Psychiatric Orienta- 
tion, at Fort Plood, Texas. This book of 20 chapters, written in excellent 
English, designed for the student and general practitioner, is a thoroughly 
revised second edition within 2 years. The space previously allotted to l\^ych<v 
analysis and Related Schools is reduced. Schizophrenia is discussed more 
fully, and there are additional chapters on Shock Therapy, the Organic Psy- 
choses, Psychiatric Interview Techniques, and the Xcuropsychiatric States 
Induced by War, 

During the present wartime period, neuroses occur among the civil i)Of)ula- 
tion because of; '*(1) fear of personal attack or injury, (2) threat of economic 
insufficiency, (3) dangers of inadequate food supply , . . (4) threat of sepa- 
ration of family, and (5) disturbance of a routine manner of living 

Under Nciiro])sychiatric States in Military- Service, the following are some of 
the tojncs discussed; such states among drafted men before anny admissiou. 
and among militatA' forces not in actual combat; such states under comhat 
conditions; prophylactic therapy; tension symptoms; symbolic symptoms; 
therapy of acute neuropsychiatric states; shell shock; front line therapy; 
grouj) psychotherapy; therapy in neuropsychiatric centers; individual Iher- 
ap 3 '; desensitization; group hypnosis; socialization; and the return to active 
combat of those soldiers already cured. 

Many of the socio-psycho-hiologic problems of present-day civil and mili- 
tary fife arc ably discussed here. Over 200 illustrative cases are used, and 
there is an cxccj)tionally compreliensivc index of more than 35 pages. The 
writerV purpose of providing a practical understanding of ncuropsychintrir 
states, with concrete suggestions on treatment, is sustained throughout. 

X. W 


As THE Twin IS Best, liy Lesue B, IIohman, M.D., Associate in P.>ychi:din\ 
Joluis Hopkins Medical ir^chool; Assistant Visiting rsycliiatrist to the Joliii'* 
Hopkins Hospital. Pp. 201. Xew York: The Mncmillnn Company, lOl'k 
Price, $2.50. 

The most striking point in this delightful hook is its plain, common 
apj^roach to the prfddem of raising cliildren to he wcll-a<iju*'4^'<i adtilt-. rieven 
reprinting- of this first edition te-tify to its popularity. Dr. ffijhman 
without dotiht. wc'll verse<l in hi- fiehl, as i- evidencc'fl by the wirle variety or 
c\]:v>rieric»*s he has bar! in dealing with childnm. 

Tin' -tyle of his writing is -iinple, clear ancl essentially ronven-ation.al. t Ve 
studif*- are not set rlov. n in the rfinieal style so often as>rHuatf'<I v. jtli a te^^Lmeal 
h-f*<ik: htit they are t<i illustrate a point the atithor i- making at that 

particular minute forlli in a few paragraplis and appli^^'i dirertiv the 
IV'Uit ui r|U‘‘^tic«n. Problem.- that are <ii'rtii^-e<I in the .are that 

an-e v.ith a rhiM'n pr»crrs*-ing age; and yet its many in'-tancf'- th^-e 


h.ave their in or near tlie rfiiMV infancy. ^ ^ 

Xl.f' b*'*>k the rf e.der a feefitig i>f rr/nfider.ce tluaf he, tlie re.-i/pT, u * 

W alrr:-'-t an e\eriq>!ar^.' j^ar^rrit if he tnade u[> hi- rrur:d to 
arri'’ur.t t>f tm:e^ th^'U-ht. m?erc-t in arel prcjt-^rati^»n (►ti l^er».mir:g ar.d 
•* ?>'»rent h- for a carM- r. that \ e rould Is* a- ^ucc»-'ful tfi a-' in t. 

^ « . * • * M t /’i ... 

oth.» r 'V.itn t; aT'’.o'jnt <*: ^ ^ joo v«Il tin'.*'. * 

r« -r.'fiti' 'T> in ns^b'rt; :nl hf*’ havf hrj/urlit to the 'O ^'f tS" ly* 

I ib!''" th.e pr*. bbt:. ’ .arising in So, ?•»*«. v.e are t'ef.gr.jx’r.g tl * ? " 

r. rd-'T' parve.rh ar. 1 ar>* <o d<> tf.'rn 

n- tl-* t..-.'-. ^1! t!,-.- -0 • .-.r- .*0 
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observations. Audiometric curves in childhood were found to assume the 
same characteristics as in adults. There was a strong tendency for the two 
ears of the same child to give the same type of audiometric curve. The 
incidence of high tone loss increased with advancing age and was greater in 
boj's than in girls. Hearing impairment was often associated with past or 
present inflammatory lesions of the tynapanic membranes, but bore no relation- 
ship to the condition of nose and tonsils as observed at the time of the exam- 
ination. From these data the authors conclude that about 5% of America’s 
school children (close to 1| millions) possess impairment of hearing in one or 
both ears sufficiently marked to become a handicap. Another fraction of 
equal size is estimated to suffer from high tone loss, a defect which does not 
interfere with daily life, though in certain situations it may be noticeable 
and annoying. By proper testing incipient deafness can be detected in its early 
subclinical stages. “It is only too obvious, therefore, that even a small loss 
of acuity cannot be disregarded if successful results are to be hoped for in 
preventing deafness; especially since very few ears with impaired hearing 
appear to improve when the impairment has reached the level here defined 
as marked.” I. W. 


A Study of Endomethiosis, Endosaupingiosis, Endocervicosis and 
Peritoneo-ovarian Sclerosis. A Clinical and Pathological Study. 
By James R. Goodall, M.D., D.Sc., Formerly Professor of Gynecology 
and Obstetrics, McGill IJniversity. Pp. 140; 19 figs. Philadelphia: J. B. 
Lippincott Company, 1943. Price, 15.50. 

Goodall has brought together under one cover all essential knowledge 
dealing with the whole subject of endometriosis, the first time that this has 
been done. It includes several chapters dealing with previously unpublished 
work in the field. The history of the subject is reviewed. The volume has a 
decidedly clinical slant; it deals irith the question of diagnosis, records the latest 
developments in research, indicates how the condition spreads and speculates 
upon its causation. There are 13 illustrations in black and white and 17 sub- 
jects in full color. The observations appear to be largely those of the author, 
and the list of references relatively short. The book is one which should be in 
the librar}'' of every gynecologist, and might well be consulted by medical 
students during their clinical years when studying gynecology. D. M. 


The Chemistry op Natural Coloring Matters. The Constitutions, 
Properties, and Biological Relations op the Important Natural 
Pigments. By Fritz Mayer, Ph.D., Formerly Professor of Chemistry in 
the University of Frankfort-on-Main. Translated and reidsed (from the 
third and last German edition) by A. H. Cook, Ph.D., Department of 
Chemistry, Imperial College of Science, London). American Chemical 
Society Monograph No. 89. Pp. 354. New York: Reinhold Publishing 
Corporation, 1943. Price, SIO.OO. 

This volume is an addition to the growing number of authoritative scientific 
monographs published under U- -—.-r- r’-.:;. ,f the American Chemical 
Society. It is an excellent • ■ almost exclusively of an 

organic chemical nature, upon several hundred pigments of plant and animal 
origin. The book is diNided into 5 chapters, each of "which embraces pigment 
derivatives belonging, from the standpoint of structure, to a different chemical 
class. 


The chapters upon “Polyene Pigments” and “Heterocyclic Nitrogen 
Atoms embrace commonly met substances, such as the carotenoids (including 
vitaimn A) porphjTin derivatives of hemoglobin and chlorophyll, pterins, and 
flavins. Ihc larger part of the text, however, is devoted to less well-known 
pipncnts, discuspd mainly under the heads of “Carbocyclic Compounds” 
aiict Hoterocychc Compounds.” 
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The book is published posthumously. Professor Cook, the translator- 
editor, records in a preface that Professor Fritz ^Iayer ^‘died in July, 1910, in 
circumstances which, it need only be said, were as sad as any bmpmhW 
The Re\newcr recommends the book as a useful reference work in its field, 
covered comprehensively and withal briefly. I). 1). 


Miutauv Surgical Manuals. V. Burns, Shock, Wound IIkaung and 
Vascuukr Injuries. Prepared under the Auspices of the Committee on 
Surgcr>' of the Division of Medical Sciences of the National Research 
Council. Pp. 272; SI figs. Philadelphia and London: W. B. Saunders 
Company, 1943. Price, S2.50, 

Many distinguished American surgeons iiavc collaborated to produce this 
book. Each of the subjects named in the title has been subdivided into many 
chapters, and each chapter summarizes the views and experience.^ of one or 
several men on the topic in question. It is presume<l that all statements have 
been re\icwcd editorially by the respective subcommittees of the Cominittee 
on Surgera*. The book was designed to familiarize doctors being called into 
militarv- scr\ico with current concepts in certain provinces of military surgery, 
and one can say that this purpose is well fulfilled. An abundance of useful non- 
controversial infonnation is contained herein. Some matters rcreive more 
emj>ha$is than others of equal or greater importance, for example, more space 
is allottcil to the artcritis:scatenus syndrome than to the treatment of varicose 
veins by injection, but such lack of evenness can be excused by the inuUiplicity 
of authorslnp. The illustrations arc excellent. L W. 


Medical JunisruuDENci: and Toxicology. By John Gumsteh, M.Il. 

Follow of the Royal Faculty of Phy.-^icians and Surgeons, Glasgow; 
of tlie Inner Temple, Barristcr-at-Law, etc., Regius Professor of Forendr 
Medicine, University of Glasgow; Fonncrly Professor of Forenrie 
cine. University of Egaqd, Cairo; and Medico-Legal Consultant to th^ 
Ecyptian Government. Pp. 071 ; 132 illus. Seventh ed. Baltimore: 11*' 
Williams A' Wilkins Company, 1942. I’rice, $S.(X). 

In its 7th e<iition, the fonn of this standard text h.as been recast and it ha^ 
been fr>r the most j^art rewritten; main* illustrative cases are new. In tlw 
section on Toxicohiy* .^orne new f)(»isons have been addcn^l notably tfie sula 
dmg*^ fsiilfanilainide, sulfapyridine arui sulfathiazole); aiul tlie test*< for th^ 
identifieation of jHn.-ons Imve been limited, except in a vcr>‘ few in^t.anr»’’S to 
qualitative in recoirnition of the speci.anzc<l efutraeter of fiurtntitati»e 

toxicologic pnx’fHlures. chapter on var and tiu* effects of IJre-t Iv 
nddet'!, and a s]K'*cial apjvndix f)n yiroc^^birf'< in dc.atln bJIov.ing air 
Tim vrry* well illu^trat^Hi and index#‘<l. The laws citnl an* (imit'o 

to tljo-e of England .and ^cotlanfl *U}d in this one the b'K)k dy'*^ l''' 

tnft't complf-tely the of the American reader. F- 



BOOK REVIEWS AND NOTICES 


277 


The original plan of a biologically oriented neurologj’’ has been maintained 
without sacrificing practical diagnosis and therapy. The 22 chapters of the 
book cover practically the entire field of Neu^olog 3 ^ Many illustrations of 
electroencephalography and pneumoencephalography greatly clarify the text. 
Advances in the study of encephalitis and the function of the hypothalmus are 
well covered. The subject of aphasia is too briefly described but adequate 
references are given. Separate chapters on the epilepsies and headache include 
the most recent ideas as to etiolo^ and treatrnent. Trauma of the central 
nervous system is thoroughly considered, including herniation of the nucleus 
pulposus; but the medico-legal aspect of the subject is unfortunately omitted. 
The book is well indexed and contains many new illustrations and valuable 
tables. Recent literature has been added without deletion of the most impor- 
tant older literature. A change of typography adds to the ease of reading. 
This excellent textbook of Neurology is highly recommended. A. S. 


CuNicA.n Significance of the Blood in Tubeecitlosis. By Giilli Lindh 
Muller, M.D., Pathologist and Director of Laboratory, New England 
Hospital for Women and Children, Boston; Formerly Pathologist, Rutland 
State Sanatorium, Rutland, Mass. Pp. 516; 52 tables, 19 charts. New 
York; The Commonwealth Fund, 1943. Price, S3.50. 

The importance of the blood picture in tuberculosis is not generally appre- 
ciated. Dr. Muller’s book is a complete critical review and correlation of the 
literature on the subject, combined with an analysis of 6819 blood examinations 
done on 1000 patients over 5 years. The text is well organized (including a 
complete Bibliography) and the contents are di\dded into 6 parts: the first 
being a summary of the phj^siology of the hemopoietic system and its response 
to the tubercle bacilli; Part 2 discusses the changes and response of the various 
cellular elements both qualitatively and quantitatively in tuberculosis. Part 3 
dealing with the sedimentation rate is a complete review of the subject, stress- 
ing the importance of this test in tuberculosis and presenting a new table for 
corrections. Parts 4 and 5 compare clinical and hematologic data in various 
stages and tjqies of diseases, methods of treatment and complications, demon- 
strating that the blood picture and sedimentation rate give information, not 
otherwise obtainable, concerning the status of the disease and its prognosis. 
Part 6 gives in detail her methods. This book fills a very definite need in the 
field of tuberculosis and should be read by everj’’ phthisiologist. D. C. 


Essentials of Industrial Health. By C. 0. Sappington, M.D., Dr.P.H., 
Consulting Industrial Hygienist, President, Central States Society of 
Industrial Medicine and Surgeiy; Editor of “Industrial Medicine.” Pp. 626; 
63 illus. Philadelphia, London, Montreal: J. B. Lippincott Company, 
1943. Price, S6.50. ^ 

_ This text is the most recent addition to a long list of outstanding contribu- 
tions, by one of the foremost medical authorities in the industrial field. It is a 
comprehensive undertaking and presents a panorama of all the phases of 
industrial health, designed particularly to aid those already in this type work 
and especially to familarize those, either new in the field or contemplating 
such a change. 

The book makes for quick and easy reading, and is presented in 3 parts. 
I he first;. Industrial Health Administration, ranges from an excellent chapter 
VI® of mdustrial medicine, through legislative background to 

rehabihtation of %vorkers. The second third discusses Industrial Hygiene and 
lexicology until chapters on Exposures, Plant Survey, Plant Sanitation and 
Hygiene, Personal Hygiene. The final third is on Industrial Medicine and 
^ .®®'’enng the Worker, Accidents, Occupational and Non- 

cenpationm Conditions, plus \\ orknien^s Compensation and Rehabilitation. 
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In the Appendix there is technical material of great value, plus a welhsclcctwl 
Bibliography. 

This book is heartily recommended as a ready reference book for all inter- 
ested in this most important field. " R. K. 


A Guide to Practical Xutrition’: A series of articles on nutrition, s{)onsore<l 
by the Committee on Nutrition and Deficiency Diseases of The Philadelphia 
County Medical Society. Edited for the Committee bv Michael G. 
WoHL, M.D., and John' W. Wiluvud, M.D. Pp. 9S. The Philadelphia 
County Mediciil Society, 1943. 

As stated in the introduction by Dr. Morris Fishbein, this committee 
'‘rendered a distinct service by publishing in Philadelphia Medicine some of 
the basic facts in the field concerned. This material was so favorably received 
that it is L )w being extended with the aid of John Wyeth and Bro., Inc., to n 
much larger audience.'^ It consists of concise but adequate chapters on most 
of the clinical aspects of nutrition with many .suggested diets. In the apivendix 
is a vitamin chart and a tabic of food composition, weights, and measures. 

M. T. 

Ways of the Weather. By W. J. Humphreys, A.B,, C.E., Ph.D., 
Meteorological Physicist (Retired, Collaborator), U. S. Weather Burcati. 
Pp. 400; 75 ilhis. Lancaster, Pa.: Jaques Cattcll Press, 1942. Price, Sl.fHJ. 
Tins volume is one of a “humanizing science scries'^ written for the by 
public. 1 1 is written in a rather simple manner and succeetls in giring the reader 
a good, b.asie understanding of the weather and the factors involvcfl in prc^luc- 
ing it. In 10 chapters the author presents in satisfactorj' detail a rather com* 
plete treatise from the origin and composition of the atmosphere and tlie 
played by eacli of its con-^tituents in the production of wind, f)rrripitati«»a, 
tenifiorature, pres-ure, and so forth, to the application and influence of weather 
both bad or g(>od on our livf^. This book not only is onjovable to read, hni 
.abo substantially enhanees our knowletigc of tlie mo^t talked ahmi 
time subject, weather. M. T. 
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The Role of Nutriiional Deficiency in Nervous and Mental Disease. Vol. XXll. 
Proceedings of the Association Dec. 19 and 20, 1941, New York. Editorial 
Board: Stanley Cobb, M.D., Chairman, Edwin F. Gildea, M.D., 
Harry M. Zimmerman, M.D. Pp. 215; 23 illus., 8 tables. Baltimore: 
Williams & Wilkins Company, 1943. Price, S4.00. 

Human Neuroanatomy. By Oliver S. Strong, Formerly Professor of Neu- 
rology and Neurohistology, College of Physicians and Surgeons, Columbia 
University; and Adolph Elwyn, Associate Professor of Neuroanatomy, 
College of Physicians and Surgeons, Columbia University. Pp. 417; 320 
figs. Baltimore: Williams & Wilkins Company, 1943. Price, $6.00. 
Air-borne Infection. By Dwight O’Hara, M.D., Professor of Preventive 
Medicine, Tufts College Medical School; Visiting Physician, Boston City 
Hospital; Physician-in-Chief, Waltham Hospital. Pp. 114; several charts 
and tables. New York: The Commonwealth Fund, 1943. Price, $1,50. 
Textbook of Anatomy and Physiology for Nurses. By Carl C. Francis, A.B., 
M.D., Senior Instructor in Anatomy, Department of Anatomy, Western 
Reserve University, Cleveland; G. Clinton Knowlton, Ph.D., Assistant 
Professor of Physiology, College of Medicine, State University of Iowa; 
and W. W. Tuttle, Ph.D., Professor of Physiology, College of Medicine, 
State University of Iowa. Pp. 586; 338 illus. (38 color plates). St. Louis: 
C. V. Mosby Companj'-, 1943. Price, $3.50. 

Skin Grafting of Bimis. By James B. Brown, M.D., Lt.-Col., M.C., U. S. A., 
Senior Consultant in Plastic and Maxillo-facial Injuries and Burns, E. T. 0., 
U. S. A., Associate Professor of Surgery, Washington University, St. Louis; 
and Frank! 24cDoMmLL, M.D., Assistant in Clinical Surgery, Washington 
University. Pp. 204; 131 illus. Philadelphia, London, Montreal: J. B. 
Lippincott Company, 1943. Price, $5.00. 

Your Arthritis: What You Can Do About It. By Alfred E. Phelps, M.D., 
Introduction by R. Garfield Snyder, M.D. Illustrations by James MacDon- 
ald. Pp. 192; 12 illus. New York: William Morrow & Co., 1943. Price, 
$ 2 . 00 . 

Essentials of Syphilology. By Rudolph H, Kampmeier, A.B., M.D., Associate 
Professor of Medicine, Vanderbilt University School of Medicine; in Charge 
of the SjTphilis Clinic and Visiting Physician to Vanderbilt University 
Hospital. With chapters by Alvin E. ICeller, M.D., and J. Cyril 
Peterson, M.D. Pp. 518; 87 illus. Philadelphia, London, Montreal; 
J. B. Lippincott Company, 1943. Price, $5.00. 

The Common Form of Niacin Amide Deficiency Disease: Aniacinamidosis. 
By William Kaufaun, Ph.D., M.D. Pp. 62. Bridgeport, Conn.; Yale 
University Press, 1943. Price, $3.00. 


NEW EDITIONS 


The Practice of Refraction. By Sir Stewart Duke-Elder, M.A., D.Sc. 
(St. Ara.), Ph.D. (Lond.), M.D., Ch.B., F.R.C.S., Surgeon-Oculist to 
H. M. The King; Ophthalmic Surgeon and Lecturer in Ophthalmology. 
St. George’s Hospital. Fourth ed. Pp. 328; 183 iUus. Philadelphia: The 
Blakiston Company, 1943. Price, $4.50. 

Injuries of the Skidl, Brain oad Spmal Cord. Edited by Samuel Brock, M.D. 

H“i'’ersity. Seconded. Pp. 616; 78 figs. Baltimore; Williams 
& Wilkins Company, 1943. Price, $7.00. 

The Therapy of the Neuroses and Psychoses. By S.-umuel H. Kraxnes, M.D.. 
Apociatc in Psychiatry, University of Illinois, College of Medicine; Assistant 
btatc Alienist, State of Ilhnois; Diplomate of American Board of Psychiatn' 

Pin J U.S.A. Second ed. Pp. 567; 5 figs. 

Philadelphia: Lea & Febiger, 1943. Price, $5.50, ^ 
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FURTHER HISTORICAL AND EXPERIMENTAL STUDIES ON 
IVIENSTRUAL TOXIN* 

By David I. Macht, M.D., F.A.C.P. 

BALTIMORE, MB. 

(From the Pharmacological Research Laboratory, Hyuson, Westcott & Dunning, Inc.) 

Introduction. Nearly 20 years ago the present writer and Miss Lubin 
published their studies on menstrual toxin, which for the first time 
set forth scientifically controlled experimental data demonstrating the 
presence of a toxic substance— menotoxin— in the blood and other 
tissues of menstruating women.®""’*' It is true that popular belief and 
folklore of all races throughout all time have ascribed a contaminating 
influence to women’s touch during the menses but no experimental 
proof of such a poison has been handed down in the literature, and 
indeed with the rise of modern medicine the empirical taboos of older 
physicians and laymen have been derided as fantastic by scientists 
who never troubled themselves to make a disinterested scientific inquiry 
into the subject. We are therefore greatly indebted to Bela Schick 
for reviving the interest of the medical world in one of these supersti- 
tions, namely, the wilting of flowers handled by menstruating women, 
and for carr.ying out some tests on flowers they touched, the results 
of which suggested that there was even more contamination in such 
contact than superstition indicated. Professor Schick^^® admitted, 
however, that his experiments were not absolutely conclusive from the 
strictly scientific point of view. By a happy coincidence Macht and 
Livingston were working about that time in the laboratory for plant 
physiology at the Johns Hopkins University and engaged in the com- 
parative study of the effects of various drugs and chemicals on living 
animal and plant tissues.®' The results of these comparative experi- 
ments indicated at an early date that living plant physiologic test 
objects may be more sensitive to the deleterious effects of certain 
poisons than living animal tissues treated with the same poisons. 
Such an observation suggested an approach by phytopharmacologic 
methods to the search for small quantities of toxic substances in the 
blood and other secretions of animals and thus was discovered a new 
branch of biology to which the name of ?;/ii//opharmacology was 

* .Voooiitcil for publication. January 29, 19*58. 
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rine not unlike that effected in smooth muscle preparations for the 
same drug by applications of thyroxin.^ Menstrual serum was also 
found to be toxic for paramecia and goldfish and the authors also 
described experiments on the sciatic nerves of rats which indicated 
that applications of menstrual serum killed the activity of these nerves 
sooner than did normal human blood serum in control experirnents. 
Findings reported also by Macht and Hyndman^®“ revealed that injec- 
tions of menstrual serum were very depressant for the beliavior of rats 
trained to run in the circular maze. The paper of Macht and Davis, 
read before the Section on Psychology of the American Association 
for the Advancement of Science in 1932, and embodying new material 
and reviewing data published on this subject by foreign investigators, 
appears to have given some impetus to the study of menstrual toxin 
for a number of interesting and important experimental and clinical 
studies have appeared in European literature since that date. In the 
following paper the writer wishes to present the new experimental data 
concerning menotoxin gathered in the laboratory and to review the 
literature appearing on the subject in the past 10 years with a view to 
correlating the considerable store of scientific data concerning men- 
strual toxin which has been published with the older empirical informa- 
tion gleaned from folkloristic accounts on the subject and of discussing 
these data with regard to their significance in clinical medicine. 

Experimental Psychologic Studies. Inasmuch as the most striking 
clinical symptoms in women at catamenia have to do with the nervous 
system, the writer, who has always been interested in psychopharma- 
cologic effects of drugs— that is, their action on neurologic functions— 
undertook an extensive experimental investigation of the psychologic 
effects of menotoxin on albino rats. Specimens of menstrual serum 
were obtained from ^’^a^ious indi\uduals and after their toxicity had 
been established bj'^ phytopharmacologic tests on Luiyimts alhus seed- 
lings, they were placed in the icebox, various doses being injected into 
rats and employed in psychologic tests. Three lines of investigation 
were followed in this research. In the first series of experiments the 
effect of normal serum and of menstrual serum injected into rats Avas 
studied on their behaAuor in the circular maze. The apparatus em- 
ployed was a modification of the original Watson apparatus and is 
reproduced in Figure 1. Food Avas placed in the center of the maze 
and the rats Avere trained to thread the rumways to the food in the 
shorte.st time possible Avithout running into blind alleys. Once the 
animals have learned the maze their performance is remarkable for 
they run Avith clocklike precision by the shortest route, often in but 
5 seconds from the periphery to the center of the apparatus, Avithout a 
single mistake. Such trained rats are admirably adapted to the study 
of the effects of drugs or poisons on the neuromuscular behaA'ior and 
what may be termed the higher psychologic functions of the animals 
and have often been employed by the author for that purpose.”-®^-^" 
uhatever theories are advanced concerning rats learning the maze 
problem, all authors agree that such a performance in\'olves not onlv 
a re.spon.«;c to propriosensitive stimuli but also a choice reaction or 
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way from tlic pcriplicry to the center of the maze by (iistingui^lung 
objects in tlicir spatial relations and in learning these in terms of a 
total pattern most exercise some function of higher nerve centers than 
those concerned with simple reflex responses. 

A second s(!rics of psychologic experiments was made on rats trained 
to walk the tight rope, like the acrobat, from one platform to another 
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wJiere food had been placed. This exercise involved a delicate neuro- 
muscular coordination of the animals and after much training the rats 
learned to balance themselves very well and ran from one end of the 
rope to the other in very short time. Such a setup, illustrated by 
Figure 2, has been employed by Macht and Ulrich»« for psychophar- 
macologic work. 

A third series of experiments was made with rats trained to climb 
another 5-foot rope fastened to the floor at one end and to a platform 
holding food, on the other, an exercise involving neuromuscular co- 
ordination but especially designed for testing the ergographic or work 



capacity of the skeletal muscles. The writer does not know of any 
previous published work in which such a test was employed. This 
setup is shown in Figure 3. 

Experiments Avere made on 24 adult rats, 12 male and 12 female, 
injected^ on A’arious days with normal human sera and Avith menotoxic 
sera. 4o aA’oid anaphylactic reactions, Avhicli are not very common in 
rats, the Avriter Avas careful not to repeat the serum injections after long 
intervals. 

Table 1 shows the results obtained in 21 e.xperiments. It will be 
, seen that some animals Averc taught all 3 forms of exercise while 
ot icrs AA ere used in but 1 or 2 of the tests. The effect of menotoxin 
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Absorption of Poisons Through the Male Genitalia. In onler to 
(leterinino whether or not inenstninl j)oi.son ean exert n (ieletenoiis 
efFcot on the hniniin male or, more aj)ecificaliy, on the mates of mcn- 
.strnatinp women, the writer Iwgan a .seric.s of experiment.^ dealing with 
the broader tiue.stion of possible absorption of drugs and poisons 
through the male genitalia. 'I'lie method of approacli was like that 
which he used for many years in studying nbsorj)tion of drugs through 
other unusual channels such ns the eye,"*'' enr"'^ urethra, ■‘‘'esophagus/ ’ 
vagina, ■‘' and skin,'"*''' Exi)crimcnts were made on guinea pigs, rab- 
bits and cats by applying solutions of powerful pharmacologic agents 
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to the prepuce and penis and observing the symptoms of systemic 
absorption (if there were any) and effects on various physiologic func- 
tions. The striking results obtained demonstrated that many drugs 
and poisons are readily absorbed through the male organs. These 
experiments will be described in detail in a journal devoted to genito- 
urinary diseases. It will suffice to state here that the writer found that 
rapid absorption followed such application of the antiseptics phenol 
and cresol, of nitroglycerin, of the alkaloids atropine, strychnine, 
aconitine and nicotine, of the volatile oils and also of cobra venom. 
Thus the rapid absorption of aconitine or a minute quantity of nicotine 
alkaloid, applied in this way, was demonstrated by the characteristic 
effects on the respiration and blood pressure curves traced on a kymo- 
graph. Such administration of these powerful poisons was followed 
by death in a few minutes. Applications of strychnine to guinea pigs 
elicited typical convulsions. Similar use of atropine and pilocarpine 
was succeeded by the characteristic pharmacologic effect, indicating 
their absorption into the circulation. 

It was more difficult to determine whether or not menstrual toxin 
may be absorbed through the male genitalia. Experiments were made 
on rabbits and cats under general anesthesia. In such animals the 
effect of normal human blood serum introduced into the preputial sac 
was compared with that of menstrual blood serum similarly adminis- 
tered. In some of these tests, but not in all, it was found that men- 
strual serum differed from the control in its effect on the blood pressure. 
The menotoxic serum effected a definite rise in blood pressure while 
normal serum had little or no effect on the curve (see Fig. 4). While it 
cannot be stated with absolute certainty that the rise in blood pressure 
was due to absorption and the consequent vasoconstricting effect of 
menotoxin, this may be assumed in view of Labhardt and Hiissy’s®® 
studies on the vasoconstricting property of menotoxin on peripheral 
vessels. 

To ascertain more definitely whether the absorption of blood serum 
in general may be accomplished by its local application to the prepuce 
or penis, the writer resorted to a new and very delicate biologic test, 
of immunologic character. Some years ago it was demonstrated that 
guinea pigs may be sensitized to horse serum^^^' and other proteins^*^ 
applied to the mucous membrane of the vagina. Such guinea pigs, 
treated locally with horse serum for se\mral days and allowed to rest for 
a period of 2 to 3 weeks, developed t3q>ical anaphylactic or allergic 
phenomena when injected with a dose of the antigen after the rest 
interval. A similar procedure was employed in the present investiga- 
tion. For 5 days male guinea pigs of various sizes were sensitized by 
daily applications of 0.2 cc. of horse serum to the prepuce or phallus. 
They were then allowed to rest for 2 or 3 weeks after which 1 cc. of 
horse serum was injected into the circulation of each. The marked 
allergic reactions elicited by such injections were identically like those 
exhibited by control guinea pigs sensitized 3 weeks before bv single 
.s'ubcuimicous injections of horse serum. On the other hand, after large 
doses of the antigen had been injected directly into the circulation of 
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drctilation, tlipy tlpwloix^d viidpiit anapliylactio yliock. Spvpn of 
tlic.se animals fliod in from o to II) minntcs, Avliilc 2 c\hil)itin/r typical 
allergic reactions and 1 hot mild allergic n‘actit)ns snl)scf|uently recov- 
ered. Ilor.se sermn was injected directly into the circulation of the 
10 guinea i)igs remaining in the series, which were used as c‘ontrols. 
and none of them displayed any sign of allergic reac’tion or ana])hylactie 
shock. The anai)hylaetic shock developed in the guinea pip treated 
with applications of the antigen to the genitalia was striking and 
characteristic, (hi its injection into tlie eirenlation of the respective 
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guinea pigs, they first became restless, then rubbed their noses and 
made clucking noises suggestive of respiratory obstruction. Ausculta- 
tion of such animals with a stethoscope revealed marked bronchial 
constriction and squeaking rales. The animals began to tremble and 
shiver, then developed more or less violent convulsions, fell over on 
the side prostrated, passed into a comatose state and died. Post- 
mortem examination usually revealed greatly distended lungs with 
constricted bronchi. 

Such experiments as those described above are conclusive proof that 
sufficient blood serum can be absorbed through the prepuce or surface 
of the penis to sensitize the animals. If that is the case wdth normal 
blood serum, it may be assumed that similar absorption wmuld follow 
applications of menstrual serum to the same organs; and if such a serum 
has a toxic property not exhibited by normal serum, it may be expected 
that it will exert a harmful effect on the animals. In addition, experi- 
ments were made on previously circumcised guinea pigs. Sensitization 
in these animals was also achieved by local applications of horse serum 
but the reactions after injection of the antigen W’ere not quite so violent 
and suggested that absorption through the cornified integument was 
slower than it was through the mucous membranes of the uncircum- 
cised animals. 

It is interesting to note that historical and ethnologic studies inform 
us that among most peoples of ancient times as well as of the present 
day, cohabitation of husband and wdfe at time of catamenia is dis- 
couraged for either hygienic or esthetic reasons. Among the older 
nations Ave even find religious prohibitions to that effect, and every 
Bible student know's that the Old Testament enjoins complete sepa- 
ration of husband and wdfe not only during the period of actual cata- 
menia but for 7 days after cessation of the flow. This empirical injunc- 
tion is in obvious conformity wdth the findings made in the researches 
described above. Furthermore, w^e may observe that the ancient cus- 
tom is in complete accord with the latest embryologic and endocrino- 
logic teachings concerning the relation between menstruation and 
ovulation.®®*’ The two physiologic processes are not synchronous. On 
the contrary, %ve no\v know that ovulation and fertilization of the 
ovum cannot take place at the time of catamenia and is accomplished 
in the intermenstrual interval. It appears therefore that the Hebrew 
proliibitions concerning menstruation have a sound embryologic and 
physiologic l)asis,*-- for the primary purpose of marriage according to 
all civilized religions is the propagation of the species. 

Review of Experimental Literature. In order to examine more intel- 
ligently and critically the mass of folklore which has accumulated 
concerning menstruation and to secure a scientific basis for study of 
the periodic spells of malaise and illness from which women suffer, let 
us review the experimental evidence which has been amassed regarding 
the toxin ot catamenia. In this way we shall sift the chaff from the 
wheat and discover the modicum of truth beneath the crust of myth, 
magic, poetry and superstition, and thus make a rational approach to 
the ohnical problems involved in the subject. The experimental evi- 
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they a! u M^rvetl lu enli «t the inien-^t uf the ineiiieal uurhl in tin* 
hility uf thi' existenee uf a menstrua! toxin. The eviilenei* derived 
truin th(‘ teU.n nunh* on eul (lowers ua^ ineurn lu-ive hy reason of thi* 
iniulequat** inetlnuN l■m|)!oyell for •^Ueh study. Sehll kV te>t5 on out 
flowers nu;:ht l»e nunrhly eoinparei{ uith exjH rinn'nts j)!iy>i()lo;:ist> 
luik'ht undertake on deeerehraied aniniaU without liyatinc the hlood 
vt-HNeJs to luainfain the (*ireuIation or fnakin^'any provi'*ion for kcejiinc 
tin* respiratory funeiiun inlnet, l’’\perinient> on <ail flowers without 
proper |)lant-jdis sioto;:ie teehni<pie may hi* nunpari*<(, too, to studies 
on Hurvtvint: isolated animal tis>in*;s sUsjH'ndeil in water instead of 
warm oxvk'enated physiolo^^ie saline >olution. (^uanlitative filant- 
piivsinlo^tie Work on menotoxin may he dated from tin* expi'rhncnts of 
Maeht and laihin on intaet M-edliiurs ^towii in ])lant-phy>io!opc sohi- 
tions of dillerent e)ietnie;il rompodtion under standardised e<xdope 
(’onditious. I’hnployint: sueli a metliod tlu^se authors denmnstmted 
eotu’hislvely the presetiei* of a to\i(’ suhstniiee in the hhuni, saliva, tears, 
sweat, milk, urine and other M^eretioiw of women at catamenia, a toxin 
not found in tlu‘ I)|ood and other M*cretions of the same individuals 
during the imerm(‘nstnial period, ^faelit and (Trumla'iir'* demon- 
strated the presmiee of tins toxin iwen in dry and frozen hlood speei- 
mens, and Hohmer** dnpIie^tt(*d tJndr resavirelj on dry hlood with a 
vi(*w to proving its usefulness for diairni>>tle purposes in forensic aises. 
Hut the studies of Maclit and laihin on root growth of Lttpinu.^ olbus 
s(‘(‘dlings difl not supply the only hotnuical proof they ohtaini'il of the 
(‘xistcnce of a toxin in menstrual hlood and secretions. These authors 
have shown that menstrual serum, as comjiared with (xmtrols of nor- 
mal Iniman hlood, exerted a ti^xic action on protoplasmic streanimg* 
on germination of seeds, on growth of flowers and stems, on the geo- 
tropic functions of higher plants and on the respiration and transpira- 
tion phenomena of leaves, loir praetieal purposes, lioweyer, the study 
on root growth of Jjupitnts af/u/.s* seedlings has remained tlie most con- 
venient metliod for cjunntitative study of tlic toxicity of menstrual 
hlood. and the writer and Ids associates have found the phytophannn- 
cologic method originally employed for this purpose equally useful for 
the detection of minute quantities of other toxins in several important 
clinical conditions.’" Thus the phytopharmacologic method demon- 
strnted the presence of a toxin in the hlood of pernicious anemia, 
which is not found in other forms of anemia, namely, those due to 
malignant disease, tuberculosis, leukemia, and so forth. Similarly a 
toxin was discovered in tlie hlood of leprosy,’*” and an extensive inves- 
tigation carried on hy Maeht and Pels furnished the first experimental 
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proof of the presence of a toxin in the blood of pemphigus.**'''®^"'*®'’’* 
Employing the phytopharmacologic method, the Russian pharmacolo- 
gist Tscherkes was the first to call attention to the toxin of trachoma.^‘‘’ 
Later his findings were confirmed by Macht on blood sera obtained 
from North American Indians suffering from the same disease. 
Further search for toxic substances specific for special diseases is now 
in progress in this laboratory. An important phase^ of such experi- 
mentation is that undertaken with blood sera from different types of 
psychoses.*'* A detailed description of all these findings does not fail 
within the scope of the present paper but it may be asserted that, 
having weathered 20 years of testing and criticism, the phytopharma- 
cologic technique in competent hands yields quantitative experi- 
mental data proving reliable on statistical analyses** and often more 
dependable than the data obtained by zoopharmacologic tests because 
of the inherent restrictions as to the number of available animals in an 
ordinary pharmacologic laboratory. 

The use of living seedlings for the study of menstrual toxin seems to 
have received fresh stimulus since 1932, the approximate date on 
which newer phytopharmacologic as well as zoopharmacologic studies 
on the subject were announced by Macht and Davis before the Section 
on Psychology of the American Association for the Advancement of 
Science. It is curious that some of the most scholarly researches on 
the subject have been conducted by pediatricians interested in investi- 
gating that toxicity of mother’s milk during menstruation which was 
first demonstrated bj’- Macht and Lubin. It is a well-established 
empirical observation among general practitioners as well as nursing 
mothers, and others, that human milk at catamenia is liable to upset 
the gastro-intestinal system of nursing infants. Accordingly, the 
matter was submitted to experimental study. Of special interest is 
the work of Fraenkel,** Silber,**^ Eltz,** Borsarelli,** Steinert and Papp*** 
on the toxicity of human milk at catamenia by the phytopharmaco- 
logic method. Among the work published on this subject were the 
researches of Eltz and Mommsen,®* wlio not only demonstrated the 
toxicity of menstrual milk for living seedlings but succeeded in obtain- 
ing toxic blood serum from rabbits fed with such milk. 

A number of investigators have studied the effects of menstrual toxin 
on yeasts and bacteria. Macht and Hill have already reported experi- 
ments regarding the inhibitory action of menstrual serum, as compared 
witli normal serum, on cultures of B. coli. Sutterlin and Szelinski*®® 
studied the effect of menstrual toxin on the keeping qualities of food. 
(IbristianseiP® studied the toxic action of menstrual blood on Lacio- 
baciUus bnlgaricus. Polano and DietP®® denied that menstrual toxin 
inhibited growth of yeast cells but their work has been controverted 
by numerous other experimenters who agree as to the toxic action of 
this substance on reproduction of yeasts and other fungi. Hahn®-”® 
and his co-worker published elaborate quantitatiA'e studies concerning 
the inhibitory action of menotoxin on Saccharomyces mycodenna. 
i lommsen reported elaborate studies not only on poisonous effect of 
menotoxin on yeasts but also on the chemical nature of this toxic 
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Hna-rul ami of nn uHtruul t»>\in in partiinilar. the phytoplmnnaitilopr 
tec liiiique va lils morn ifio and In-m r morn imprn^^ivn results tlian 
*/o<)pharma<‘o!o;,dn mntlaMN. (fnnnrally .^jaakin^, it h:t^ hii n found 
that MihstannoM toxic* nnou^di to itijnrn livin;: p!atit> orniir in tlin hloo<l 
of hut fnw pathoIf>^*in romlition*-, whinh doe^ riot im-iiu that mniiitraat 
toxin has no harmful nlfnnt t)U auimal te.4 i»I»jV< ts. althoUi:h it is not 
HO ^j)nnifin ami il-H aniiou n;tn hn duplinatnrl hy many othnr jH»isi)n>. 
Ma<‘ht and I.ulun found that mnustrual Hnrum is nmn* toxin than nor- 
mal hlood for rnddlinh uml paratm*nia, Manht and l)avis rnporttMl 
othnr i'ooj)harma<‘ol(>i:i(‘ findim.^. Mnnotoxin was found to etTn*t such 
snnsiti/jition of vasa dnfr*rontia of rats as to makn them ahnormally 
rnsponsivn to trnatmnnt with cpincjihrinn and cpIuHlrinn, a sensitization 
not tinlike that Aseher m»tt*tl after treatment of smooth nuisele orpins 
with thyroxin, l^im^os"' studied tlie nlFect f)f menstrual |M)ison on 
pistroenemius prejiarations. Mac‘ht ami ICIvers*"^ observed its action 
on livim: spermatozoa. Horsarelli found menstrua! serum exm'din.dy 
poisonous for larva* of /fu/o rr/h/un.v, Maeht ami Davis nottxl the tox- 
icity of menstrual serum for rats» Smith ami Smith Inter t'onfinnini: 
and extending this findini:. Strangely enoiii^h. Alaelit found that 
menstrual hlood is U^ss poisonous for min* than for rats hut Levinson ' 
tliseovered that it is very toxic* for guinea pigs. I^ihhardt'* ami Iljiss/ 
found that, as nimpared with normal hlood, menstrual hlood is ricli ui 
vasoeonstrieting sulistanees whicdi c*ould he demonstrated hy perfusion 
exiieriments and tests on surviving !nus(*le j)reparations. Patzsehke 
and Siehiirg found that the sweat of menstruating women, as compared 
with that of the same individuals during the intennenstrual period, 
stiimdated nuitrnc^tions of intestinal and other smooth muscle prepara- 
tions. The present writer has already deserihed tlie vasoconstric^tmg 
efleet of local aj>j)li(*ation of menstrual sennn to genitalia of male eats 
and rahl)its. Kltz and Alommsen demonstrated the toxicity of blood 
of rabbits fed with menstrual milk. Psychologic experiments will be 
dcscril)ed below. Special mention, however, should be made of the 
work of various scientists on the coagulation of blood. Bartlielmcz s* 
review of the subject contains n complete r6siiin6 of these finding- 
studies have been made in particular by Zondek,*^' Kross,®’ Dogliottc* 
and iMncht.'*'* All these investigators found that the coagidabnity o/ 
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menstrual blood differs from that of normal blood, the majority claim- 
ing that coagulation is delayed during catamenia. 

3. Psychologic Experiments. It is a time-honored tradition that 
women at the time of their periods are unwell,” particularly in the 
psychologic sense of the word. Depression, as well as other nervous 
ailments, at that time are very common, but no experimental psycho- 
logic work of conclusive character has been published on the subject 
until recently. An objective experimental study on animals was first 
undertaken by Macht and Hyndman who studied the effects of normal 
and menstrual blood, respectively, on the behavior of albino rats in 
the circular maze. This research was repeated and extended by Macht 
and Davis. In the current study the psychologic experimentation 
already described has been carried on along three different lines of 
researdi. All the data yielded by such tests indicated that injections 
of menstrual blood sera profoundly affect the neuromuscular system 
of albino rats, and conform with the results of clinical studies made by 
various gynecologists and psychiatrists. Thus Tuttle^®® made a statis- 
tical study of the irritability of women during the menstrual cycle. 

4. Physical Experiments. These have been concerned chiefly with 
radiologic studies. The subject of menstrual toxins is so intimately 
connected with numerous superstitions, folklore and taboos that the 
average investigator is inclined to lose his poise and impartial attitude 
when studying current experimental findings and to frown upon the 
work of the most reputable researchers. With this preliminary com- 
ment the writer proceeds to describe the remarkable experiments 
reported by Christiansen and by Rahn^®® and his associates, Barnes 
and Ferguson.®® Interested in mitogenetic rays and the radiations 
given off by living cells, particularly of the human body, these in’i^esti- 
gators have reported the results of their quantitative experiments on 
yeasts. In a paper entitled “Das Menotoxinproblem und die mito- 
genetischen Strahlen,” Christiansen showed that proliferation of yeast 
cells can be inhibited by emanations or radiations from the bodies of 
menstruating women having no other contact with the yeast cells. 
Rahn and Barnes and Ferguson published detailed reports of such 
studies, carried out on a larger scale. The Rahn school found that 
certain radiations of the human body, especially at catamenia, and 
occasionally also in coiurse of certain diseases, definitely inhibited the 
growth of yeasts. Various parts of the body, such as the fingertips, 
and even the eyes were said to give ofi' these radiations. The present 
writer did not succeed in confirming these findings phytopharmaco- 
iogically; however, Rahn and his associates admit that there are wide 
individual variations with regard to lethal dosage, some giving off 
more emanations than others. The subject must be left sub judicc, 
and the writer confines himself merely to quoting the statement of 
Rahn and Barnes published in 1933: “The old ‘superstition’ that 
inenstruating women cause flowers to wilt and fermentations to 
necDinc abuoruiul has been verified experimentally by several authors. 
In 1929. Christensen proved that menstrual blood will kill veast cells, 
or change them morphologically, even through a quartz coVerglass. 





I III' utithnr^ nh^TV'i iI iliut thin inlliifim' nui liniltf'd to incn- 
•^truHtiiu: wiiint'ii. Oni' uoriiutt <‘uul<l tioi oijtaio j:rou*th of a very 
’‘I'li'tittve of vi'u^t for firriorK of ID to 2D (iay.H» niterrmlint: witii 

of jjoroial trronrto Ha/ilatioo from lo-r throti/rh a 

quart/ plati* kill»*i! th»» yt a^oi iu lo uuuuion f)ne uxnn fulleil yia>t hy 
iht^ inrtlioi! iu iiulf of nil trU'^. ICvrii hi*' eyr aiu! fio>#*, at vi^ry (‘IfM' 
ranuo* tlirou;:h quurt/» fiaD tin* ratne oifrot. Siitci* tfil^ raiiintiori doi> 
not pa*'‘i thrtiu;.:li *«li<h‘n. it proltahly uliravio!i*t* 

*' ()l»”>rrvatiou^ for itiorr tliati one \far tlnit thi'^ radiation i> 

du»‘ to patholoi^iral ^'ondition^, Moth tin* ahovr oan la* explaini*<l 
in tlii * wa\ , and ihm* an* otla r dmilar olioTvatioU''. 

“Mai'ht and laddn have vliown the inen^tmal toxin to he identiwi 
with or elfi rly n lati d to o\yehole-terol. We oloerve<l this minjionrul 
to kill yea^'t tliroutcli the ether wa^hintr^ from the 

linger'' of ineiiuruatin;: per-on^. 'rhi-. kind of radiation may therefore 
l»e explained ''imply l>y a p:ttla*ln;;i<*;d exeretion of <»\y<'hoI(*steroI 
rhnumdi tfo' >kin/* 

Here ue may mention al-n tlie intenstim; work of Hiirrand Mu->el- 
man‘- on the hiot leetrie <‘orri*Iali"H of the men>tnial ryele, a n'^earrh 
which doe> not deal with ^nefi ultraviolet radiation^ a'^ enlaced the 
attention of Italin and his eo-workers hut with I'leetrii' potentials in 
women la'fort' and durim: im'iistniatiom 'rh<*se inv(*stii:ators found 
that the electric' potential difftTimee rial's .significantly diirin;^^ the days 
itnm(*diately followinj; the im*nstrnal in riod, 'I’here appears to he some 
eomn'ction hi'twcrn tin* tnenstrnal cycle ami c t'rtain electric potentials 
of tin' hody ti'isiu's. 

o. Chrntlntl Exprrittinih, Wliilr tlic chemical nature of menstniai 
poison is not yet c*omp!et(‘Iy understood ami crystalline or ehenuf* 2 dly 
pun* inenotoxin has not yet laa'ii isolated, the experimental, pharma- 
<*olo;ricand I)io('hemi(*aI work alrcxady doin' throws ('onsiderahle light on 
this suhjc'ct. Lahluirdt and 1 liissy (‘tnu^luded from their hiologie experi- 
ments that nu'notoxin is a vasoeonstric'ting suhstanee. Siehurg and 
Pat'/sehke.**^ Klaus'- and others helieved this toxin to he closely related 
to, if not identical with, choline. The pliytopharinaeologie findingsof 
Mnelit and his ('ollahorators eontradic't tliis hypotliesis for they found 
that choline and aeetyl-elioline are not toxic for jdant protoplasm. 
Ashley Montagu^' believes this toxin to he identical with di-mctliyl- 
amine, a sul)stam‘e discovered, many years liefore. by Miehin.-* 
Maeaggi and Sivori*’^ regard it as closely related to thyroxin or the 
active ]>rinciple of the thyroid gland. The curious findings obtained 
i)y IVracht and Davis in tlieir studies with inenotoxin on the irritability 
of the vas deferens lend sup])ort to the latter view. Gautier^^ and 
BourceU^ also incline to the opinion that there is a chemical link 
between the arsenic and iodine content of the thyroid gland and the 
menstrual cycle. Steinert and Papp attribute the toxicity of liimian 
menstrual milk to a reduction in diastatic ferments. None of these 
hypotheses is supported by decisive chemical data and the majority 
of physiologic proofs adduced in their favor would not withstand a 
critical ])liyt()i)harmaeologic test, which seems to be more specific than 
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the zoopharmacologic method in detecting menstrual toxin. The 
original findings of Macht and Lubin, based on such pharmacologic 
and biochemical experimentation, appear to indicate a closer relation- 
ship of menotoxin and cholesterin or, more strictly speaking, oxy- 
cholesterin, in chemical composition. Thus it was discovered that 
wherever found in the human body, whether m the skin fat or in the 
vernix caseosa or elsewhere, even weak solutions of oxycholesterin in 
plant-physiologic media markedly inhibited the growth of Lupinvs 
(iJbm seedlings. Unna and Golodetz^^s j^^ve shown that the human 
skin is rich in fats containing considerable quantities of cholesterol 
and cholesterol derivatives. Furthermore comedones and sebaceous 
glands of the face and fingernails have proved to be rich in cholesterol 
derivatives. Phytopharmacologic experiments performed by the 
writer revealed that extracts of all these were toxic for Lwpimis alhtis 
seedlings. Other poisons of animal origin, such as the toad poison, 
bn^agin, of Abel and Macht,^ had been found by the latter to be very 
poisonous for plant growth. This toad poison, as well as others later 
studied by Chen,^® are all derivatives of cholesterol. Perhaps the most 
striking single experimental proof supporting the original oxycholes- 
terol theory was the finding by Rahn that inhibitory effects on yeast 
similar to those he had observed in his radiologic tests on menstruating 
women were produced by cholesterol itself. Further support is lent 
the cholesterol or oxycholesterol hjqiothesis by the fact that recent 
chemical studies on the structure of the sex hormones in general and 
of ovarian hormones in particular have disclosed their intimate rela- 
tionship in chemical structure to cholesterin.®® The findings made bj- 
Macht and his associates on the interrelation of menotoxin and bile 
salts also support this view.''®* It is remarkable that such divergent 
substances as the carcinogenic chemicals, the digitaloid drugs, including 
toad poisons, the sex hormones, the group of vitamin D compounds 
and menotoxin are all derivatives of the phenanthrene nucleus and 
closely related to cholesterol. 

Popular and Empirical Observations. The student of medical history 
will be amazed at the light shed by these accumulated experimental 
findings—botanical, zoologic, psychologic, radiologic and chemical— 
on the numerous popular beliefs and taboos of the laity and empirical 
obseri'ations of the older physicians and naturalists concerning men- 
strual phenomena. Most of these empirical observations have a 
rat ional substratum . The wilting of flowers by the touch of menstruat- 
ing women is a fact familiar to the majority of the sex the world over 
and \yhat has long been styled, superstition is now well attested by 
experimental scientific data. Even such extravagant remarks as those 
found in the writings of the elder Plinyi^ concerning the poison of 
menstruation and its contamination of seeds, garden plants, leaves and 
.so forth, are uoav found to be not so far from truth as many pseudo- 
scientists would like to have it appear in their endeavor to disparage 
the keen observations of the older naturalists. The spoiling of such 
foods as fruit, vegetables and cucumbers and cabbages handled by 
menstruating women may be satisfactorily explained by the pharma- 
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ri»|n^it’ tlu’ nf mniotoxin im vra.^t. 

fwuKi nntl lou’rr *, Similarly tht rr npia'ur^ tf» he home physical 

(ai'iis lor thf Iia^al or s\^t<‘mati<* rr^Mtlatioii in varif»n> in(Iii‘^trif> pro- 
hibiting" womni \vlji» nrr im nHtrualin^t from rm:api?m in the rnanu- 
huitirtMif jH rftum^’^* tnulin^ of Mlkwormn. tjathrrin^ of mushrooms niul 
r\|irf\-^ini: of j^'rnpe'^ for the making <»f vvinf\ ^Die old Hritish pliysician 
^^its itirreet in his ijifen iiet^ that the <'tirin^" of neats micht not he 
Mici’r^sfnlly ejfeetrd if they Were liaiulhtl hv tnen‘'iniatifm women. 
So wr may jiKo reijani needftd the old Uibdan en>tom i»f di^nairae- 
im: the piekliiii: of etn iimher^ «»r preparatitui of eahhaire forsauerkraui 
liy Mic h individual. In thi' lit:ht c»f tie* experimental findintr> of Maelit 
and laihin and aUo (»f pediatricdanH, we ran tutw .str^•^^ the faet that 
dou,i:h kneadici by inen'itniatim: women i'^ liable to re.^ult in Itimjw 
and poorly ri^'cn bread, A number of luher j)opular ^^b^ervnticms e<»n- 
eerniiu: the pcuson of !nen>lruation may la* citc‘d in this (MmuM’tion. 
'rhe Krenehmam buirent/’ and the ICntrlidmuin. lUlis,^'^ tell us that 
in hVama* wome n who an* unwell are not admitted into those depart- 
nMUil> of sm:ar relinerie?* in wlii(‘h the syrup is boiling: and supir i> 
bc'im: bleac'hed because it U believed tliut their tmu'h would diseolor 
the produet. 'Vhv same Ijiureiit relaic*> that in the Far Fast, men- 
.sirualim: women are not allowe<l tt» piek j)o])pyheads and prepare 
opium h(‘eau^eof the inferior pn»din*t whi(‘h wemid rcssult. Were it not 
for tht‘ remarkable radiolo^i(* data publisheil by ('hristianseii, Hnhn. 
Harm*s ami l*\*r^"Usom tin* writer would refrain from rjiioting l^uirent 
with repird to another and singular clinic^jd observation. He described 
a series of ease's of wonn'ii musieinns obliged to dist*ontinue use of their 
strinp'd instnumuits during the ni(*nstrnul period heeause of the efTt'ct 
of tlieir touch on violins, violas, cellos and harps. 'I'he strinirs* it \yas 
said, did not emit the projier tone winm mani/)ulated hy menstniatinp 
women and often snapped in the midst cd their performance. ^Mule 
this last bit of narrative must lie considered with reservation, it may 
he admitted that on the whole (rrtain ludicrons asj)eets of some of the 
old taboos liav(* possibly been exaggerated due to the superiority com- 
plex of certain professional modernistic folklorists with not ssuflicient 
insight to determine their origin. In the writer’s opinion the remarks 
rej)eated above are not a whit more fantastic than the fatuous baldor- 
dasli of sueh Freudian extremists as Gerson^- or the maudlin vaporings 
of sueh professional mystical interpretations as emanate from Harding, 
who writes on the man In tlie moon ami the moon cycle of women as an 
astrologie phenomenon. The true scientist, who does not dwell on 
beliefs or unbeliefs but seeks for facts and truth, will certainly meditate 
ou the extraordinary eoneordanee of tlic Biblical account regarding 
incnstnmtion and the j)hytoplmrmacologic and other experimental 
data on tlic subject accumulated in this paper. It may be well to add 
that even the puzzling references to postpuerpcral phenomena m 
Leviticus XIII have also been found to have some basis in the findings 
of Mncbt and Leach®® concerning the toxicity of puerperal bloods. 

Interrelation of Menstruation and Various Physiologic and Pathologic 
Conditions. To assert tlmt the menses aflect a woman’s well-being U' 
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to state a platitude for the very expression “unwell” is universally 
descriptive of women at catamenia and implies a pathologic state of 
the individual. The profound physiologic changes occurring in the 
generative organs during the menses may also affect everj’’ other func- 
tion of the female body. As modern physiology has developed, it has 
been found that numerous changes in functions of all the organs or 
parts of the female body, whether normal or diseased, run parallel 
with the menstrual cycle. Such studies were made over 70 years ago 
by the old authorities. Thus Schaffer“® found that 74 % of 220 healthy 
women complained of various subjective symptoms during their periods 
and 14% of these suffered to a pathologic degree. Similar studies 
were made by Tdbler,^®® Rabuteau,^'*® Goodmann,^® Jacobi,®'^ and others 
who stressed the wavelike change in metabolism and other functions 
which followed a course running parallel to the menstrual cycle. A 
host of later observers studied other physiologic phenomena in relation 
to menstruation. Kersh®® and Reinl^^ measured the temperature. 
Ver Eecke^®'^ determined the output of urea, phosphates and chlorides; 
Wiessner,^‘‘® Merletti,®® Siredey,^®® and Francillion®® noted the regularly 
recurring peaks and depressions in blood pressure which accompanied 
the menstrual period, and von Ott^°® published a significant work with 
graphs showing the intimate relation of fluctuations in temperature, 
pulse, blood pressure, lung capacity and various reflexes to the menses. 
Hchrader^®^ made biochemical studies on nitrogen elimination at that 
time. The newer literature on the interrelation of the menstrual cycle 
and women’s normal physiologic functions is conveniently tabulated 
in Flulimann’s admirable monograph on “Menstrual Disorders.”®' 
Thus we find that a periodic rise in temperature has been observed by 
Cullis,®® J acoby,®® and Rubenstein.'^^ Such regularly recurring changes 
in blood pressure as have been reported by older clinicians have been 
confirmed by the work of Amos,® Griffith,^’' and Moore and Jenkins,®’ 
employing newer methods. Alterations in the pulse rate during the 
menses have been described by Truesdell and Croxford.*®^ Quantita- 
tive biochemical studies on calcium content were made by Bock,’® on 
potassium content by Spiegler,’®’ on arsenic, content by Guthmann and 
Grass, on cholesterol content by Okey and Boyden’®® and Guillaumin 
and Vignes,^® and on iodine content by Maurer,®’ and Scheringer,”® 
and Hermstein.®® Changes in the circulatory blood during menstrua- 
tion have been followed by Holler, Melicher and Reiter,®® and also by 
Dictre.’®’ Hirsch and Hartmann®® observed periodic increase in blood 
platelets dvwing the meirses while Eufinger®® and Tedstrom and Wilson’®’ 
noted regularly recurring fluctuations in the blood sugar irrespective 
of the diet. Changes in basal metabolism in relation to monthly 
periods have been studied by Benedict and Finn,® and also bv Wake- 
ham’®® and Wible.”® 

With regard to the relation between menstruation and various 
pathologic conditions, it is not surprising to find that even more strik- 
ing changes have been observed by clinicians and correlated with the 
menstrual cycle as cause and effect. The course of various diseases 
may he influenced by the onset of catamenia and, conversely, many 
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inuladit*:^ twcrt n iimrh^'d < irrct oti ,vornr indiirint: nifnor- 

rliaciu arai ainniorrlu’a. Irit('rrrlatie>n ed tlia infnHtrnal ryrlf* 

mid vnrioti'i was diaah rfi 15 yrars a^'o by AM-lincr/ the 

<*!ninrnt e wlif) iaf’Iiaed even tlani to the view 

that many i)atholof:i(^ i faaliiioie^ dnrin;: <‘atmnenia may he jireeipiiated 
or (‘\a^i:eratt'<l hy retention nf men-^triial toxin. A more recent aertamt 
«»f the varicai'^ di'-eaMv^ whi« ii may affeet the menstrual cycle* <»r which. 
conve'r.M'ly, may he* alh'cle el hy cm^e t f»r Mipj)n*'-iion of meiK'^tniation 
will he fonial in tin* immo^Tapli ed ICmil Nf»vat:.^^" 

A ho^t of pathologic s\’mpl«mis and p!iy>IoIfi;:i(‘ eli^inrhaiice-s may 
either he pna ipitate-el or ai:t:ravate*ei diirim: the* me n^e*^. Amom: the 
more* impeirtant arc the fe>lhnvink*; 

1. Dlsittrfmiur,^ fij Sntrtflnf/ir titnl Chinirirr. an* 

amoim the* Cfmunone^^t ami ram:e from the* mildest feirms of hyper- 
irritability through the phe)hias. anxie ty nenro><*> and fle|)ression to 
melam’laelia, mania and ch nientia pra cox. Mary (’linrlwick,*' in her 
me>ne);rraph i>n l\vclm!e»;:ic;d Klhcts f»f Men>trnation/* projiose's that 
tln*>e psyclH)Io;:i(* di-^turhancev'^ in women at (‘atame*ni:i w(*re (luMwitria 
of the ancie*nt prohiintions ami limitathms whi<*h lat<‘r <h‘vele)ped inte> 
all kinds of taleoe)>. ^fhe insmnnia. various type\s of psy<*hoIo»ric neu- 
ros(‘s and hysteria fnan whi(*h some women snfler periodically hear 
soim* reflation to tin* menses, h'liileiiliform sei;mn*s are <»f ^Tenter 
vioh'iK’e or reenr only at tliat time. Such studies on cfiilepsy have 
been made hy Alexander, = Davieison.-* and (h)rdmi,^* and Dwpiren and 
Selinider-" have investigated hysteria in n'lation to the menses. Various 
j)syeln)tic as])ects of tlie subject have been investigated by Ilayinnnn,^' 
MacICcnzieA^ Hoss,**^ and Swanlx'rg.*^'^ A case of acute insanity occur- 
ring r(*gnlarly at catamenia has Ixrn fl(*S(Til)ed hy the jiresent writer.*'^ 

2. Hradarlus Headache, often hemieranial. is a sturial form of 
neurosis which Aschner regards as an evidenee of menstrual toxicosis. 
Scattered references to this symptom are found in the literature aud a 
discussion of it appeared recently in t\w Journal of (hr Aiurrirau Medical 
A.ssociation,^^"* 

Dermatoses, Such manifestations are among the commonest 
noted in connection with catamenia. TJiese skin lesions include furun- 
culosis, acne, rosacea, lierj)es labialis, herpes zoster, urticaria, various 
forms of eczema, su])CUtaneous liemorrliage, erytliema niultiforine, 
erythema nodosum and localized ])atclics of edema. Alaclit and Pels 
in tlieir phytopharmacologic study of bloods from all kinds of der- 
matoses noted that the menstrual sera of women sufTcriug from acne 
were generally more toxic than sucli sera from tliosc wlio did not have 
acne. Oil tlie otlicr Jiand, l)lood specimens from young men with 
widespread acne rarely exerted a phytotoxic reaction. Numerous der- 
matologic manifestations related to tlie menstrual period liave been 
studied by Jerusalem,®^ Opcl,'*’^ Eclcbolils*^ and others whose work is 
conveniently summarized in Novak's monograph. 

4. Ophihahnic Manifestaiions. Tlio laity liavc noted sucli symp- 
toms from remotest antiquity and the baleful look of menstruating 
women receives frequent mention in tlic folklore. Organic disturbances 
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of the visual apparatus often occurring at catamenia include conjunc- 
tivitis, scleritis, iritis, herpes corneee and retinitis, choroiditis and even 
detachment of the retina. Important contributions on the subject 
have been made by Dunn,*® Greeff,‘‘® and Napier,®® the last two authors 
writing on dysmenorrhea and amenorrhea. 

5. Arthralgias and Neuralgias. All types of arthralgia and neuralgia 
are complained of during catamenia and may be precipitated periodi- 
cally or may be exacerbated by onset of the menses. Aschner stated 
that of 700 patients whom he studied no less than 230 complained of 
varying degrees of arthritis and neuralgia. Some suffered from sciatica ; 
others had inflammatory infections of the joints; and still others com- 
plained of lumbago and myalgias. All these ailments he attributed to 
excessive accumulation of menstrual poison in the system of menstruat- 
ing women. More recently Rugh^^® described a series of arthritic cases 
which he also explained on the basis of the retention of the menotoxin 
in the system of his patients. 

6. Gastro-iniestinal Manifestations. Though usually of a mild char- 
acter such manifestations may occasionally be of the more serious type 
described by Brush^® and Plonies.^®® 

7. Hepatic and Cholecystic Manifestations. These have also been 
noted during the menstrual period. Thus hj^ieremia and swelling of 
the liver have been described by Chvostek*^ and Fellner.®^ Periodic 
jaundice is mentioned by the famous German internist. Senator, and 
gall bladder attacks in relation to the menses have been described by 
Binet.® 

8. Vasomotor and Other Disturbances of the Circulation. Such mani- 
festations during the periods have been described by Kisch,®^ Williams^^^ 
and others. 

9. Thyroid Manifestations. Mild periodic manifestations on the 
part of the thyroid gland are not uncommon during the menses but 
sometimes even the more serious forms of the disease, i. e., exoph- 
thalmic goitre, are profoundly affected by the menstrual cycle. Stud- 
ies on this subject have been published by Thoma,^®* Wallin,”^ and 
Woronytsch.®“ 

10. Respiratory Manifestations. The respiratory organs have also 
been found to suffer in the eourse of menstrual abnormalities. All 
sorts of catarrhal conditions have been noted at catamenia. Asthmatic 
attacks have frequently been apravated by onset of menstruation. 

11. Acute Infections. Periodic menstrual manifestations of patho- 
logic character have been observed in the course of various acute infec- 
tions. Thus influenza has been studied in this respect by Osier and 
McCrae'®* and typhoid and pneumonia by Rosenstraus“* "and Esch.®* 

12. Syphihiic Infections. Of the chronic infections studied in rela- 
tion to the montlily periods, s^-philis has received the attention of 
Meirowsky.®* 

13. ^ Tvbcrcidous Manifestations. The most important chronic dis- 
ease influenced by the menses and exerting a profound effect on the 
incustrual cycle is tuberculosis. ^lacht’^ studied this subject exten- 
sively in 1910 and it has also been investigated by Handford,®® Grafen- 
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hur^** nn<l otlM‘r>. 'rin-rr (•jiti hv no dotihi al>out tin* flurin;: tip f>f acute 
>ymptoin^ in tulM*r(’nlun.s paiicnt.H at any time nianif(*>tc(l by rise 
in trinpcratnrc, piilniinmry licniorrlm^'rr> aial other patluilopical phe- 
nonicna. 'riic pn^ent u ritcr notc*/| a enrituN <‘a.*^c of pcriorJic intcstinnl 
hcniorrhat:** in a patimt with int(‘^tinal inbcrcnlnMs.’*^ 'J'he inllumt- 
of (*hroni(* tiibcrtailosis on tin* incti'^tmal (ytlc has alsfi been wifJHy 
>101111*1!. In its early >ta^c> the ili^eao* may manifest it>elf liy a 
mermrrhatjia wliereas later it i^ nsnally ae<*tanpaniefl by amen(»rrhea 
or t‘ompIete Mjpprf*>sion of the men^'^'s. 

11 . M i.^rrllftnnfiiy ^’lini(’al invent i;,Mtor> have eor- 

ri*hite(l varion> other form> of patliolope <li‘»tnrbanf'<* with the men- 
>(nml <*yele. 'riii'^e all altot tiu* profound iidhienee wliieli the 
ovulatory cycle and <*ntamenia f*X'c*rt upon praetic*:dly every pliysice 
|o>:ie function of wonnui. 'fhe, <^iu>e of this jariodie (luetuation ia 
normal physiolo^dc* functions, ineludim: metabolism, and otlier patho- 
lof:ie symptoms appearim: at the height of the menstrual period ha> 
enpipal thcwcttcuition of numerou-; students of medaaneand is diseiissc^d 
below. 

Discussion. A judicaous and seientilie appndsal of the (‘xperimental 
and clinical data pr(*sent<*d in this paper justific^s iis in drawini: several 
fairly ch'finite c'cmelusions. In tin* first plac*e, tin* biolope c*xperimental 
data demonstrate* ))eyond n*asonabh‘ doubt tin* prc*sejn‘c* in the hlond 
and secretions of nn'iistruatim: women of a toxic* suhstanc'c normally 
absent. Whether this substaina* bt* ealh*d toxin or abnormal product 
of metaiiolism or clep-adation firodnet of an endocrine secretion i*^ 
immaterial. Se(*ond, sneli a ** menotoxin provides a pliysical explana- 
tion of many cairiotis popular I)(‘liefs and emjurieal observations of 
Inynum banded down from n*mote antiquity, 'riiird. abundant clinical 
(‘videnee points to a pt*riodic (luctnation in normal physioIo;:ic* proc- 
esses of women wliieli nms parallel to the metistnial eyrie. Fourth, 
numerous clinical observations have established the fact that many 
patliologie symptoms and objective* siirns of disease are (•orrolated with 
the course! of menstruation and uhnormalities in the menstrual cycle. 
"JVo schools of investigators have tried to explain these pathologic 
manifestations, one of these, well represented by Aschner, asserting 
that tlic menstrual toxin plays tlie chief rCAc in this connection, and 
the other, composed of many enthusiastic endocrinologists, contending 
that the female sex liormoncs cause most gynecologic ailments. Asch- 
ner’s view gains some support from the fact that patients undergoing 
hysterectomy, even without removal of the ovaries, exhibit pathologic 
symptoms not attributable to lack of ovarian secretions and which may 
more logically be ascribed to clironic intoxication due to failure to 
excrete some toxic substance through the normal genital routes. 
The same is true of cases with ovarian transplants and substitution 
therapy. Ascliner cites many eases of amenorrhea and scanty men- 
struation favoring the assumption that a menotoxin is thus retained by 
such patients. The symptoms observed in such cases are not unlike 
tliosc noted in connection with dysfunction of and defective elimina- 
tion of noxious products from otlier organs as in chronic dyspepsia. 
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constipation, impaired kidney function or secretion of the glands. 
Aschner claims that endocrine therapy in such cases is of no avail, 
while therapy aimed at promoting elimination of toxins and excretion 
of abnormal metabolic products often relieves the patients’ sufferings. 
Although recent developments in the study of internal secretions have 
led to important discoveries, the therapeutic use of endocrines has not 
been remarkably fortunate, particularly in the field of sex hormones. 

While all scientific investigation compels us to beware of drawing 
hasty, illogical conclusions and particularly of succumbing to the fallacy 
of post hoc propter hoc, the astonishing parallelism (revealed by newer 
quantitative pharmacologic measures), beginning a daj'^ or two before 
catamenia and reaching its peak at beginning of the flow, between 
menstrual toxemia and the exacerbations and remissions of clinical 
symptomatology and pathologj'-, suggests a causal relation between the 
two phenomena. Results of the latest clinical studies can be best 
explained in this way. Thus Conn^^ describes a female patient with 
aggressive psychopathic personality who had exaggerated manifesta- 
tions in the premenstrual period. The present writer also is acquainted 
with a case in which a young woman with psychopersonality shows 
extreme emotional instability and affective psychoses at that time. 
These acute exacerbations of mental phenomena conform with the 
phytopharmacologic findings Macht has made in such cases. Again, 
Waldbott and Bailey^'*® have recently published a paper on estrogenic 
hormone determinations in premenstrual asthma, from which the 
impartial reader cannot discover whether the asthmatic attacks bore 
any relation to the hormone determinations or even that the endocrine 
injections definitely relieved the allergic symptoms. 

The present writer holds that the distinction between the two views 
is largely academic and that the menstrual toxin and ovarian hormones 
are more closely related than has been assumed. In the female organ- 
ism there is a periodic accumulation, under the influence of o\'arian 
secretions, of certain substances essential to furtherance of fertilization 
and implantation of the ovum. Failure of this excretion, usually con- 
trolled by the menstrual flow, leads not only to retention of the poisons 
Init to many pathologic symptoms. Recent chemical studies support 
this view for the findings of the present Avriter and his associates re- 
garding the chemical structure of raenotoxin and those of Rahn, 
Barnes, Ferguson and other investigators indicate its probable close 
relationsliip to oxyehole.sterol. It is now knoAvn that the ovarian 
hormones also are closely related to that substance, the investigations 
oi Mandelshtam, Tschaikowsky and Bondarenko supplying further 
evidence®® in this connection. Studying the chemical nature of meno- 
toxin by phytopharmacologic methods, these investigators also experi- 
mented on the effect of folliculin and the lipoid portions of the ovaries 
on plant groAA’th and concluded that menstrual poison is closeK" related 
to the ovarian sex hormones. The present Avriter found that Avhile 
crystalline estrone solution has a tendency to stimulate root groAvth of 
'n crystalline progesterone definitely inhibits it."'' 

lie findings of Macht and his associate.? on the interrelation of meno- 
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toxin and Wilt* aKo taial to .sn()j)ort tlir view that nuaiotoxin Ls 
alliril to rhobv^torol. It U n*ninrhal)h* that Mi(*h divergent 
Mih^tunorA ns tin* i'arainogi riir claTnirals, fligitaloifl drugs, toad poisons, 
sox hormones, ergo^ti-rol, ealelferols and tlie groiij) of <‘ornpounds 
iiH’lnded under vitamin D, and nn notoxin are all ehnely relateri elieini- 
rally. All thi\''< • are derivatives of phenanthrene and posses a striieture 
not far rem<»ved from lliat of o\y(’hf»!e>tero!. Sneh a relationship does 
not prrf'liide the po^-^ihility of menotfixin’s being mueh more toxie 
than the ovarian hormones n> pharmaer»h»;:y ahoimds in striking 
examples of ehfTni(‘als (’lf>^ely related in strnetnre yet exhibiting dia- 
m(Tri(’ally i^ppositt! ph\ ^ioIngi(‘ and tnxlcfilogie j)n>perties due to slight 
alteratiims in the relative position of some of their atoms. 

Summary. 1 . I'Aperimentid data demon^trate in tin* Mood and secre- 
tions of menstruating \vonn*n the pn'senn* f>f a toxie siihstance or 
inetuitoxin, \vhi<di is poisf>nons for plants and animals. 

2. 'Phis e\|H‘rimentaI biologic* demon^tnithm explains in large meas- 
nrt* the nnmerons c nipirieal oh^ervations on **menstninl poison” found 
in the folklore of many (sumlrus. 

.*{. 'Phe interrelation of menstruation and various inanifi*stations of 
(Pis(*ase is e\nmim*d in tin* light of these* findings. 

Menotoxin has h(*en ft>nnd to Inr closely related pharman)logK*idly 
to the ph(‘nanthrene d(*rivatives, ehoh*sterol and oxycholesterol; and. 
while* it is a separate toxic* entity, it is probably closely allied to the 
fenmh* S(*x hormom^s. which are also known to be natural products of 
plu*nanthrene and related in th(*ir structure to the sterols. 


Addendum. Aftor tin* nl><>vt» mruiU''rnpt laid komi* to i»ri*'s, ,*‘OVoml iidditional item" 
of int4*ri***l nppivtrril in tlio litfraturp. Hyrnr''’’'^ thnt rnrn*'lruntinK npemtor? in 

r^rtniii indu-tnVs ^t^rnuI:ltl• rorro>ion of rcrtnin artirlc*' tlirointh contact with their 
pcr.-’iiirntion, IIercfor<I**‘* citen other instances of similar chanicter. Ihislcr’** by careful 
measurement found that the juiU ma'ded to epilate haii> \v:i> f:reater in the oii?et of 
e.ataiiienia than in the intermenstrual and tlie inefficiency of permanent hair \\'avc 
mani(>u!ations at men.sc^s is disms><Kl in a recent numlnT of the Journal of Ammmn 
MfJtcal A B^ociat ion .* ® 

The extraordinary eoncordanee between recent findings alxiut menstrual pobon nnd 
the lUhtical description on the puhjert Kives .support to tlie view that the Levitical 
ordiimnees roncerninR it, aside from their ethical, psyeholo;;ic and rcli;:ious i«ipnificance, 
have a hygienic hasi.s. In view of the newer advances in our knowlcrlRO conccrninp the 
chemical and biologic properties of water, the action of deuterium, of heavy water, and 
other isotopes, the specific characters of radioactive waters, the difTcrenecs between 
ordinary and rain water, between natural and artificial ^oa water, etc., it would not he 
.surprisiiip to find a special liyRionic siKuificance in the elaborate ablutions recommended 
by the Scripture in connection witli the postmenstrun! purification rites. 
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ACUTE INFECTIOUS POLYNEURITIS (GUILLAIN-BARRE 

SYNDROME) 

A Brief Review of the Literature With Report of 3 Cases 
By j. Albright Jones, M.D. 

swarthmore, pa. 

John W. Holmes, M.I). 

AND 

Mary ^YEINSTEI^^ ^M.D. 

PHILADELPHIA, PA. 

(From tijc Pediatric Department of the Philadelphia General Hosiiitalj 

Since the puWication by Guillain-Barre and Strohl” of a group of 
cases cxliibiting a form of acute polyneuritis (or radiculoneuritis, as 
Barrc called it), a good number of such reports of this disease in 
children have been published Casamajorand Alpert^ col- 

lected the data on 19 cases in cliildren, and added data on 3 children 
who had been studied by tliem. Since this latter report, De Sanctis and 
Greens havereported 2 additional cases, andin the excellent paperonthis 
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fliMNisr hy Ko'iriiian mid Ariii^s*^ liatn on 1 <diildr(*ii arc included in a 
tlinrnugh study of Id casi^s. 

\\v have o])scrvcd !? children during a few months wliose signs, 
sym{)toms and spinal fluid studies were* siieli that we are reporting 
them as representing the picture de^’Crihed in the literature as Guillain- 
Harre syndrome rialihs 1 and 2;. 
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Discussion. These 3 cases had symptoms, physical findings and 
spinal fluid changes that probably justify their being classified as cases 
of Guillain-Barre’s syndrome, known by many synonyms.* 

The disease occurs most often in winter and spring. It shows no 
predilection for either sex, and apparently afflicts nearly all age groups, 
although none of the reported cases have been in children under 
2 years of age. In the group of 19 cases collected from the French 
literature by Casamajor and Alperft there were 9 cases under the 
age of 5 years, with 4 being 2 years old. So far, no etiologic agent 
has been proven as the cause of the disease. 

In practically all of the reported cases the onset of the disease has 
been preceded by an upper respiratory infection. This latter infection 
in some cases preceded the disease by a week or more, and in others 
by a few days, or was present when paralysis occurred. Aches and 
pains are generally present, and these may be severe; tingling and 
burning may be annoying at times, while muscle tenderness is often 
mai'ked. These sensory disturbances last for a varying length of time. 
One of our patients complained of pain on flexion of the neck for 
nearly a month; on the other hand, the sensory symptoms may last 
on^y a few hours, and occasionally the motor symptoms do not appear 
for days. 

The weakness usually appears first in the distal muscles of the 
loAver extremities, with a symmetrical involvement, which is valuable 
in diagnosis. Often within hours there is rapid involvement of muscle 
groups of the arms, with facial paralysis; and occasionally bladder 
and rectal sphincter loss. Cord involvement seems to be definitely 
less frequent in children than adults. This is true, also, of bulbar 
symptoms. 

The changes in reflexes seem to be a rather constant finding, with 
all tendon reflexes in the involved limb absent, or diminished. Although 
facial paralysis is reported as being common, many of the children 
reported do not show it. From the total of 19 cases collected by 
Casamajor and Alpert,^ and the 3 cases added by them, only 7 had 
facial paralysis, with another case being questionable. One of our 
cases had definite facial paralysis, and weakness of the right side of 
the tongue. Among the 16 cases studied by Roseman and Aring*® 
there were 4 children, and 3 of these showed facial palsy. The paralysis 
when present is of the nuclear or infranuclear type, vdth involvement 
of the lower part of the jaw, brow and eyelid.' Other cranial nerves 
than the seventh may be involved, but their involvement has not 
been reported as often in children as in adults. 

There is mild s\'stemic reaction as judged by the temperature and 
pulse rate. Most patients have either a slight fever or a normal tem- 
perature, with a normal, or only slightly increased leukoc 34 ;e count. 
But the spinal fluid change is one of the most interesting and character- 
istic features of this disease. The typical spinal fluid finding is a normal 
cell count with a definitely increased protein content. Guillain-Barre 


Acute polynctiriiiiJ* infectious polyneuritis, 
fnein! diplecin, nrute nsceiuiinc paralysis. 


tnoioneuniis, acute poiyncurjtis 
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and StrnhP* in iln-ir ori^Miuil nrtiHc,stn^^( fl tins (indini:, and Gnil!nin“ 
morr n*(*rntly hn^ mim cinpliasiml thn iinportaria^ of allaiininocvto- 
loKit' di^soriatinn of (rll nniut and albumin in the spinal fluid mthv 
fliapioMs of inf^iious polyimuriti^. Howavor, tliaro an^ some i)ractical 
points irj tins rYumeetion. 'F/re Id^di protein cYmteni of the spinal fluid 
may not appear for a weel; or two after tlie patient beefunes ill. He- 
peated taps may l)i* re(|uired to find tin* elianp- but in some e:is(>s it 
may persist for yi*ars. It may In* nnalorately ituTeased or Cjuite hipli. 
say, between HM) and S(K) m^. j»er 1(K) ec:, I nios tin* f‘Iini(‘id ])i(*tur(* 
is most lypi(Yd, it would s(’em unwise to elassif}* a discYisa* as beloneinp 
to tin- one urnler dis(aissif»n witinmt a definitely inernised siunal fluid 
protein, in tin* pn*senee of a normal viM (-fuint. Quite a pxai number 
of tin* eases sturlied by H(»seman am! Arin^ and of those (Ydlected by 
Gasamajor am! Alpert Jjad ineonelusive spinal fluid studies. Uepeatefl 
taps shotdd bt* madt* as iudi(*ted. As lias In-eii empliasii'ed,^ similarity 
of this dis(*ase to ac’Utc* poliomyelitis mal«*s a diacmosis in the very 
early sta^e m(»>t diflietilt and important, and tin* spinal fluid picture 
is very helpftil. 

'fin* f)atindo;:i(‘ jiiettire lias been studiecf by Ifofmes,^^ ffradford. 
Haslifrird. and Wilson,- <"asamajr»r,^ A'iets,*^ (in*enfi(*Id and Car- 
mielmel.*' Sabin and Arin):,^'' Iloneyman,’* and Uoseman and ArinpJ^ 
'I'In* rejiort of the latter two writers is t*speeially tliorouph and detailed. 
Mierose()pi(*ally, they report a moderate de;rree of edema of brain, 
spinal (Y)rd, and perijdieral nerves. A<*nte passive (Y)ngestion and 
toxic ('luin^es in the liver, kidneys, heart, and sfdeen: there was varyini: 
degrees of atcleetasis of the lower lobes of the lungs, and an acute 
l)ronehitis. Mieroseopie studies of the nerves showed marked edema 
of the Imndles, eongestion, infiltration of inflammatory cells, swelling 
and beading of myelin sheaths, and fragnumtation, beading and 
swelling of axis eylinders. 'Fhe cord revealed some involvement of the 
cells of the gray cohimns in all eases, witli the changes being most 
conspicuous at the cervical and thoracic* level. \*nenoles were fonnd 
in the cytoj)!nsm of some of the anterior horn cells. Irregularity in the 
si'/e of the axoncs was noted in the wliite matter of the cord. 

The brain stem changes were ratlier similar to those of tlie spinal 
cord, while the cerebral hemisplicrc and cerebellum showed “outfall’ 
of nerve cells, slirinknge of the ganglion cells, congestion, swelling of 
the oligodendroglia of tlie white matter and cellular infiltration of the 
meninges. Microscopically, studies of the viscera sliowcd areas of 
degeneration in the adrenal cortex, interstitial infiltration of the heart, 
focal necrosis of liver cells with areas of focal degeneration; the kidneys 
sliowed collections of mononuclear cells, while in the spleen there was 
an extreme abundance of red cells. 

The prognosis as to life is good in this disease, as it is seen in children, 
although the mortality is rather high among adults. In a series of 
26 cases, of which 3 were children, reported by Forster, Brown and 
Merritt,^® the mortality rate was 42%. Of the 3 children in tlicir group. 

2 died. However, of the 22 cases in Casamajor’s and Alpert s report 
there was onlv 1 death. Both of De Sanctis’ and Green s cases, the 
4 children in Roseman’s and Aring’s series, and our 3 cases recovered. 
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The })rognosis as to complete recovery of muscle function is more 
difficult to determine from the reported cases. In mauy instances the 
patients were not followed for a long period of time, or information 
is so recorded that one cannot be sure of the exact state of muscle 
function, ‘‘Gradual improvement” is often the final note made; or a 
patient may be described as being “well” when last seen. Of the 22 
cases in Casamajor’s and Alpert’s report, there were 13 in which 
recovery seemed complete. It would seem, that while there is a good 
outlook for a return of normal muscle function, the improvement may 
take many months. The rapidity with which improvement begins 
seems to indicate a good prognosis. The chief ill-effects that are seen 
usually consist of weakness of the involved muscles with contractures. 

Summary, Three cases are reported whose signs and sj'mptoms 
and spinal fluid findings were such that they have been classified as 
belonging to the Guillain-Barre syndrome. 

A brief discu.ssion of the clinical picture has been presented. 
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HYPERGLOBULINEMIA 
By Bkn.ia.min .AI, Kagan, 1st Lt.. 

RALTIMORE, MI). 

(Irom riie Johns Hopkins and Sinai Hospitals) 

Aumost invariably when the total protein concentration of blood 
serum is increased above normal this increase is because of an increase 
m serum globulin concentration.'^ A study of hyperproteinemia is, 

* Now located at Stark Goiiora! Hospital. Charle.«=tou, S. C. 
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tlirrt'forr. r>st.„tinlly a snidy n{ hyprr^doIjnliiH^niiiL Furihmum^ 
'U(h (hrff inujdr ^‘Scrptions,* wht*iiavrr tliaglohiiUn (‘(uicantratioii F 
ni(T(*us(*d al)ov(* iiorniat tlio total prott'iri c*oae^'iitratioa is usually also 
ifHTrav(‘d al)0V(» normal.*' 

In dcghrrs and Srlcsuick*” n*vicw(*d the suhjiM*! of liyprrpro- 
tt'iiU’mia and pra^'enled 1 *\ due to \) dilfen'ut eaus(*s. In this paj)cr 
ue shidl present oU ea>es diu* to Hi difrer(‘nl (viuso. 'rhi*sc aO casc^^ 
H'pn^stuit j <if a ^erit*^ of o7(i |)at^e^t^ on wla>iu 01*7) deteriniuations 
of Mood serum protein were ilone. 'flie data were (‘olleeted over a 
|»eriod of o years, 'flu* analysi‘s wen* dom* hy a inaero-Kjelclahl 
iiio(fifieat(oti of the now(''' proee<!ure and th<‘ author’s falling drop 
tec’hnH'.*" 

1 lyper/:lol)uliiiemia is itjusidernl to exist wluai tlie serum ;'lol)ii)in 
eoneentratiou is above d f:m. per UHt ee. or when, in the al)sence of 
a ^loljulin determination, the total jirotein (‘tmeentration is above 
S \Vh(‘n(‘ver thi* total j)roiein eoneentratiou is aliove 7.5 pin.. 

an ahnormal inert'ast* in serum plohulin is suspected hut is eonsidered 
to 1)(» eertaiu only upon actual det<TUunation of the plohulin eoneen- 
tration. 

Of the* total number of eas(*s studied, d.5 ((hi ''ere found to have 
values for total protein eoneentratiou above S pm. Values between 
7. .5 ami 8 pm. were found in only 20 patients out of the total of 57(). 
Heeause In our study of 1.50 normal individuals** we found only 1 with 
a total protein eoneentratiou above 7..5 pm. (7.(1 pm.), these 20 were 
<‘onsidered as susj>ieious. However, only the 15 in wliich the senna 
plohulin eoneentratiou was shown to be above normal were included 
in our statistical analysis. These 15 cases j)lus the .S5 noted above 
comprise all the cases of hyj)erplobidinen\iu discussed below and con- 
stitute 9% of the total number of eases studied. 

liinp ami rium" have i)resented clinical evidence wliicli sugpests that 
the origin of globulin is in the plasma cell of the hone marrow and in 
the rcticulo-endothelial cells everywhere. Sahiie* lias reviewed ini- 
munologic and cytologic evidence wliieh supports tliis theory. There 
also seems to be some relationship between globulin formation and the 
liver. An increase in seniin globulin occurs in liepatic involvement 
of various kinds and is particularly common and marked in cirrhosis.*^ 
Aside from its r(5Ie as antibody almost nothing is known of the functions 
of globulin. The evidence showing that the circulating antibodies arc 
contained in the globulin fraction of scrum lias been recently reviewed.-* 
Diseases Involving Bono Marrow. The accompanying table shows 
tlic results obtained in diseases involving the bone marrow. The 
Iiighcst value for scrum protein concentration obtained in this entire 
.study was 10.1 gin.; tliis was in a case of monocytic leukemia which 

* These throe major exceptions arc: (1) nil forms of hepntic disonsc; (2) acute gio- 

menilonophritia; and (3) the BiirmUnneous occurrence of two conditions, Uio one causing 
hyporglobuiincmin, the other causing hypoalbumineniia. Tlieso conditions have been 
diacuBsed in an earlier report and wiU not be considered Iiero.y In these instances tiie 
globulin concentration is frequently increased but the albumin concentration is at the 
flaino time frequently decreased so that tlie total protein concentration docs not al^va^. 
increase when the globulin is increased. 
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was proven by autopsy. The patient had a serum globulin concentra- 
tion varying between 4.3 and 6.7 gm. This case is of considerable 
interest because the monocj^te is generally considered to be part of the 
reticulo-endothelial sj^^stem. Should such marked increases of serum 
globulin be found to be usual in this disease, it would lend further 
support to the theory that globulin is formed by the reticulo-endothe- 
lial system. 

In our 1 case of lymphatic leukemia there was an increase in serum 
globulin. There are reports in the literature of increased serum 
globulin in 2 cases of myeloid'^ and 1 of lymphatic leukemia, “ but 
the incidence is not known. In neither Ijonphatic nor myeloid leu- 
kemia, however, are the increases nearly as striking as in the case of 
monocytic leukemia cited above. 

The association of hyperproteinemia with multiple myeloma was 
probably first shown in 1917 by Jacobsen.® The highest serum pro- 
tein concentrations reported in the literature have been in this disease 
and were 23.4 gm. by Schumacher, Williams, and Coltrin,®* and 
18.4 gm. by Foord and Randall.® Of the 13 cases of hj^jerproteinemia 
reported from the Boston City Hospital,^® 7 had multiple myeloma. 
Although in the present study there were only 2 cases of this disease, 
neither of which showed hyperproteinemia, the author has since learned 
directly of 4 cases which were detected because of the hyperproteinemia 
found in their blood, analyzed for other reasons. From a review of 
the literature, Jeghers and Selesnick concluded that 50% to 60% of 
the cases of multiple myeloma have hyperproteinemia and that the 
serum protein determination is a more valuable aid in its diagnosis than 
the search for Bence-Jones protein in the urine, Ulrich®® stated that 
hyperproteinemia is frequently present in the absence of Bence-Jones 
protein in the urine and vice versa. Since the tumor cell of multiple 
myeloma is the plasma cell, and since the concentration of serum globu- 
lin is so markedly and frequently increased in this disease, this suggests 
that the plasma cell is a source of formation of serum globulin. The 
plasma cell is considered by some to be a part of the reticulo-endothelial 
system. 

Peters and Eisenman®® found that metastasis to the bone marrow 
from primary carcinoma elsewhere may be associated with hyper- 
protcinemia. Such cases usually have metastases to the liver as Avell. 
iMetastases of carcinoma to the liver are frequently associated with 
hypcrglobulinemia.^® It is difficult, therefore, with the evidence at 
hand to determine whether the metastasis to the liver or that to the 
bone marrow is responsible for the hjqierglobulinemia in these cases. 

Chrome Infections. Of the 50 cases of hyperglobulinemia studied in 
this scries, 31 were due to infection (Table 1). These infections were 
all chronic, either suppurative or non-suppurative. None was acute. 

^ In 30 cases of acute infection, both suppurative and non-suppura- 
tivc (not included in this table), such as pneumonia, mastoiditis, ton- 
siUitis. cervical adenitis, etc., there was no increase in total serum pro- 
tein above normal and only 2 showed slight increase in serum globulin. 

1 he exact nature of the globulin increase in the chronic infections 
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is »i<»t knr»\vn. If the fiitirr iii(Tr;i.s(» of s(*niiM urn* flue to 

active aut!h(KrK*s, one iniRlit loprally exped that the hody would 
tlien*hy hr pmlrdrd apiinst such pndon^jrd and sctIous infections. 
Pcrlmp'5 iniK'h of tlii^ srnnn Kl^^l>*din is not active antibody hut is 
rather tlir re>nlt of antibody antigen interadion.-^ I*rrhaps the 
incrrn^ic W a f*f)nip(*nsatf»ry inecluinisin for tin* alxrncr of some rni'^sing 
factor such as cfunplenieiit. 


'1 »tfh< 

Ml \ 

UtfKin 

.1 O 

mi.tvtiMn 

I'l. 

lal 






Nn. ilrtr-r 


No. 


> 7.,'* 

> 7. *» 

No 

> 3 cm. 


}(*) rr. 

l-tr KKiri. » 

l-tr 

r. |‘♦•rI0•l^f. 


17 

17 

20 

1.7 


T n-tr-r. |-rrn»"ri. ti'-irr. 

VrtriouH rrni-t»% jk 17 17 20 ITi 

jTivfih'iiiK U>fn' tiutrrou 

Mr •rnM-ytir ItMiki'inin III I I -I 

Mtiltipn* m>v!»iriirt L* I O 0 II 

I.yinpliniit' Iftjki'rni.'t 111 I II 

InfrTtioh^; 

of limit I o ! *1 - - 

UrnnrhiiHctn^i^ *% 7 I I II 

(’hroTiir pycnirplini^i** III I *J - 

C’linmir* fi’«ti*<>niy«*liti** I I o o II 

Hru'f'kV **arr<>i<I 11*0 0 I I 

Tulwmiln^i** I'J -0 a I n» 

Sypii!li*» I:; 1,7 li Ti .7 a 

V»*iuTi‘:il lyiMpIioitnuiiilfOtia 11 II s 10 S 7 

UliMirniUnid nrt!»riii«t til 1 II 

IlrirtiTiril iMuifM‘nrditi.*r 7 M l! (i 0 - 

I.tipii'i rTytli(*innfr)xi*< 

imtns '2 a 2 2 a « 

PorinrlvriliH iu)(|r>?<:i 2 -I 0 O I I 

Of the !) cases of pulmonary non-tul)rrcuIoiis siipjniration (lung 
abscess and bronchiectasis) ail but 1 had total protein concentrations 
above 7.0 gm. at some time in their course. The liighest values seen 
in any of the infections were in patients with pulmonary abscess, 
'riiese cases like those having chronic pyonephrosis and chronic osteo- 
myelitis may be considered in a group of chronic suppurative infections 
in whicli hyperproteincmia is apparently common. 

Ilypcrglobulinemia was also found in the chronic non-siippurative 
infections: tuberculosis, Hocck s sarcoid, syphilis, venereal lyinplio- 
graniiloma, rheumatoid arthritis, bacterial endocarditis, lupus erythe- 
matosis disseminata, and periarteritis nodosa. The literature indi- 
cates that leprosy and kala-ax.ar should also be added to this group. 

In tuberculosis, Boeck’s sarcoid, syphilis, venereal lymphogramilonia, 
leprosy, and kala-azar the mononuclear cell and inacropliage are a 
prominent part of the pathologic picture. Furtlierinore, the bone 
marrow in the latter 5 diseases is said to resemble that in multiple 
myeloma because of the accumulation of plasma cells. TJie presence of 
hyperglobulinemia in these conditions emphasizes again, therefore, the 
relationsliip between the reticiilo-endothelial system and globulin 

formation. .... * i 

In an article by Eichelberger and McCluskey^’ there arc tablu 
showing results of 150 determinations of plasma ])roteins on their 
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109 patients with tuberculosis. Study of these tables reveals that 
the total protein concentration was above 8 gm. in 44% of the deter- 
minations, the globulin concentration above 3 gm. in 62% and the 
albumin below 4 gm. in 17%. In none of their cases Avas the total 
protein concentration below normal. These changes were essentially 
the same as those found in 12 cases of tuberculosis studied in the 
present series and in 38 cases studied by Stempien and Ivagan^® at the 
Willard Parker Hospital. In the latter 50 cases, however, hypo- 
albuniineraia and decreased total protein were seen with greater fre- 
quency. In tuberculosis the infection probably is responsible for the 
increased serum globulin concentration and malnutrition is probably 
responsible, for the most part, for producing the decreased albumin 
concentration. 

Kampmeier, Smith and Larsen^® found hyperproteinemia in 62 of 
the 67 cases of venereal lymphogranuloma Avhich they studied and 
considered this fact to be of diagnostic A^alue. Hyperproteinemia was 
present in 8 of our 11 cases. 

In our only case of rheumatoid arthritis, hyperproteinemia was 
present. Davis'* found this to be most marked in the severe cases and 
noted normal serum protein in the quiescent stages. He considered 
the increased globulin to be further evidence of the infectious nature 
of this disease. Taussig^® found similar changes in the blood of 2 chil- 
dren with Still’s disease. 

Kiirten*® found hyperproteinemia in 33 of his 35 cases of bacterial 
endocarditis. It was present in 5 of the 7 cases in this series at some 
time in their course. Two cases of lupus erythematosis and 2 cases of 
periarteritis nodosa were also associated with increased globulin. The 
latter three generally fatal diseases have a number of other clinical 
similarities, and pathologically they are often considered together. 

Hyperglobulinemia was seen in 50% of the determinations done in 
a study of patients with acute glomerulonephritis.*’* The increase in 
globulin in this condition is probably again due to the associated 
infection. It is to be noted that this is one of the three conditions 
mentioned above in which the serum albumin concentration is sufB- 
cicntly loAvered so that the total protein concentration is often normal 
in spite of the globulin increase. 

Of the infections studied, only abscess of the lung, subacute bacterial 
endocarditis, and venereal lymphogranuloma were associated with 
total protein concentrations above 9 gm. 

Dehydration. The 22 cases of dehydration were secondary to vari- 
ous causes such as alcoholism, diarrhea, and coma. Of the* 28 deter- 
minations, 17 showed an increase in total protein. In each of these 
cases in which globulin was determined it was the responsible factor. 
In none of the cases was the albumin concentration increased, and in 
4 it was below normal. Three of the latter had had chronic diarrhea, 
which accounted satisfactorily for the hypoalbuminemia in spite of 
dehydration. The 4th patient was a chronic alcoholic who had long 
l»cen on a protein starvation diet. 

Djie would expect that in dehydration serum albumin would become 
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(‘oiKTiit rated jii.st jh arc the other l)lood r^)nstituonts ,such ns globulin 
and hemoglobin. However, we have not found this to be the case in 
any of the 22 eases of dehydration studied, even tliougli most of these 
showed iner(‘as(‘d globulin and luunoglobin concentrations. This find- 
ing has been borne out in (»th(T patitmts whom we have since studied 
during the progress of (lehyrlration. Just what Jiappens to the albu- 
min whi('h is lost fnun the blood stream durirjg tlie process of dehydrii- 
tiou is not a])]>arent. 'I'nlbott,** in HKho. Mt that an increase in 
capillary permeability during didiydration might account for loss of 
some of the albumin from the blood. The observation of a slight 
albuminuria iu some patients during marked dehydration would seem 
to be familiar evideuee to siipport tliis. One may <iucstion, however, 
wliether the umotmt whieh is lost in this matmer, even when nil the 
(’apillarit^ throughout the body are involved, is sunicient to account 
for the large amount of albumin lost from the blood in some cases of 
delmiraliou. Hoth Kurten*^ and Hing* have found that when senim 
is hejited b)r \ hour at (\ some of the albumin is converted to 
globulin. Whether or not this might occur within the body under any 
circuinstanct's luis not been rej)orted. Wc arc, therefore, faced with 
these questions: Is there an upper threshold of seniin albumin con- 
centration? If there is, how constant is it and l)y what mechanism is 
it maintained?* The answers to these questions arc obviously of great 
clinical importance. 

MandelbaumJ^ in 11)3(1, reviewed the various causes of dehydration 
and discussed the associated hypcri)roteinemia. Bridge and Cohen’ 
reported on the value of serum i)rotein concentration as a guide in the 
treatment of dehydration. 

Shock. In this study there was no opportunity to study the increases 
in total ])rotein concentration in shock wliich liave been reported by a 
numl)cr of investigators. 

Summary. The significance of hypcrglobulineinia has been discuss^ 
from a clinical and physiologic point of view. Hypcrglobulinemia 
appears principally in diseases involving the bone marrow, chronic 
infections, diseases involving the liver, and in dehydration. 

The accompanying tal)lc classifies the cases studied in accordance 
with the above discussion. According to this study and the literature, 
values for total scrum protein concentration over 9 gm. are rarely 
found except in multiple myeloma, inonoc\i:ic leukemia, venereal 
lymphogranuloma, pulmonary suppuration, Boeck’s sarcoid, subacute 
bacterial endocarditis, and dcliydration. (A few diseases which are 
rare in this country, such as kala-azar and schistosomiasis, may also 
produce such changes.) 

The presence of an upper tliresliold of albumin concentration in 
dehydration is suggested. Increase in tlie totakprotein concentration 
during dehydration in the cases studied was due to an increase in serum 
globulin while the serum albumin remained at the upper level of normal 
or was decreased due to other factors. 

* Exporimonts to help determine these points were be^in, but because of the author s 
ciitcrinc the Armed Services were not carried to completion. 
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The clinical data presented support the theory that serum globulin 
is formed by the plasma cells and the reticulo-endothelial system 
throughout the body. 
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Since the original report of Taplin and his associates^® concerning 
the administration of sodium sulfap\Tidine by h\T3odermoclvsis, the 
sodium salts of sulfapyridine, sulfathiazole, and sulfadiazine have been 
used extensively in this manner at the University of Jklinnesota Hospi- 

Graduate School. University of Minnesota Medical 
t On active soiAdce with the Armed Forces. 
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tiil>. l-'or Miliciilimfon.s infii.sioiis, confciitratioii.'s varyiiif; from O.'-V/c 
!'/< ill sterile pliysioloj'ie sofliiiiii cliloride solution are tised. No 
tissue irritation Ims resulted from this {jroeediire. It was observed 
that if a(|ueous solutions of sodium sidfapyridine were used in con- 
••ent rations exeeediti),' 1 Vr. an inflammatory reaction, and sometimes 
necrosis, mi^ht be provoker!. .Similar ri'sults followed the use of 
arpieous solutions of sodium sulfathiazole, partieularly when concen- 
trations t)f tjej to were emploved. llecause of these observations, 
we lnn <- been n‘hi(*tant utilize .solutions of HKlimn .siilfadrazim? for 
siihcutanroiis infusions in concentrations almvo 

'riic* arhninistration by IiyfxHicrriu/cIysis of solutions of the sodiian 
sulfonainidt' (*onii)oun(ls is advanta^^cous in the treatment of certain 
^T(»nps of i)atients. Oii the medical servicc*s, patients having severe 
infections arc frccjncntly encountered who arc unable to ingest the 
sulfonamides because of coma, delirium or vomiting. In these instances 
imtients arc given the elected sodium compound intravenously to 
attain a(l(‘(|uate blood concentrations, and then the levels are main- 
tained l)y sul)cutan(‘<»us infusion until the individuals arc able to toler- 
ate the (Irug by mouth. "^I'liis procedure is also followed on the surgical 
services in the treatment t>f patients with postoperative infections. 

further advantage of such a therai)eutic approach is that the fluid 
and electrolyte balance is sustained. At times, it becomes increasingly 
diflicult to give repeated intravenous injections of the sodium sulfona- 
mide compounds to small cliildrcn, and the subcutaneous route has 
been used successfully. 

During recent months, sulfadiazine has been used extensively at 
the University IIosj)itaIs and elsewhere, particularly for the treatment 
of streptococcal and pneumonococcal infections. A number of reports 
have appeared in the literature, discussing the absorption, ex’cretiom 
diflusion, toxicity and therapeutic cfTcctivencss of sulfadiazine and its 
sodium salt in man. 19 .ro Ordinarily, sodium sulfadiazine is 

given intravenously as a 5% solution in distilled water. A 5% con- 
centration of sodium sulfadiazine is strongly alkaline, liaving a pH 
value around 9.5 wliicli M’ould appear to preclude its use by the sub- 
cutaneous route. For subcutaneous administration, the drug is usually 
given in 0.3% to 1% solutions in physiologic saline. Jorgenson and 
Grceley^^ have given to infants and children a 5 % aqueous solution of 
sodium sulfadiazine by the subcutaneous route, and report tliat no 
tissue irritation followed such a procedure. The experimental studies 
of Fox^ would indicate that sodium sulfadiazine is less irritating to 
the tissues of animals than the other commonly used sodium sulfona- 
mide salts. j\Iore recently, we have treated a few adult patients with 
aqueous solutions of sodium sulfadiazine given subcutaneously in con- 
centrations varying from 1 % to 5%. Local tissue irritation and ten- 
derness was obser\^ed with concentrations of 3% to 5%. Until more 
favorable evidence is available, the routine use of sodium sulfadiazine 
for subcutaneous infusions shall not exceed a concentration of 2 %. 
The possibility of using a sulfadiazine preparation which would permit a 
more concentrated solution for subcutaneous administration prompted 
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US to evaluate a calcium salt of sulfadiazine, and also of calcium sulfa- 
thiazole.* 

Materials and Methods. Calcium sulfadiazine is a white, ciystalline, odor- 
less and slightly bitter compound. It is less soluble than sodium sulfadiazine, 
having a solubility of about 5.1% in distilled water at 25° C. _ The compound 
tends to precipitate, out in this concentration when physiologic saline solution 
is used. Calcium sulfadiazine solutions are less alkaline than the sodium salt. 
The pH values for different concentrations of this compound in aqueous 
solution as determined with the glass electrode are as follows: 


5 % calcium sulfadiazine 

in 

distilled Avater— pH 8.5 

4% “ 

« 


“ -pH 8.4 

3% “ 

iC 


“ -pH 8.4 

2% “ 



“ -pH 8.3 

1% “ 


C( 

“ -pH 8.1 


Calcium sulfadiazine was administered parenterally to a total of 24 adult 
patients. These men, convalescing from mild illnesses of various sorts, ranged 
in weight from 56 to 83 kg. All had normal renal and cardiac function. They 
were maintained on a general diet with a fluid intake of 2000 to 2500 cc; 
daily. For the injections, 4% solutions of calcium sulfadiazine in sterile 
distilled Avater Avere used. The pH of these solutions Avas 8.4. An initial dose 
of 4 gm. of drug was giA^en. In 5 subjects the first injection Avas given sub- 
cutaneously Avhile in 5 others the “loading” dose Avas administered intra- 
A'enousl3^ In all instances the first dose Avas folloAA'ed at 12 hour intervals bj’’ 
tAA'o additional subcutaneous doses of 3 gm. each. Approximately 10 minutes 
AA'ere taken for the subcutaneous injections and 20 minutes for the intravenous 
injections. No generalized reactions resulted from the administration of the 
drug bj’’ these methods. Local reactions, except for slight tenderness which 
occasionally occurred at the site of subcutaneous injection, were also notably 
absent. Blood samples for the deteimination of drug levels Avere taken at 
frequent intervals for at least 36 hours. Quantitative determinations of the 
drug in the blood AA'ere made by the method of Bratton and MarshaU.^t 
The A^alue of the subcutaneous administration of calcium sulfadiazine in 
establishing and maintaining effective drug leA’^els in the blood AA^as then 
obseiwed in 14 patients suffering from a varietj'- of infections. The majority 
of_ these patients had pneumonia. In each instance, the patient received an 
initial dose of 4 gm. of calcium sulfadiazine in a 4% aqueous solution subcu- 
taneousl}'. This Avas follon^ed bj’" Iaa'o more subcutaneous doses of 3 gm. each 
in a 4% aqueous solution, giA^en at 12 hour interA^als. Thereafter, each patient 
rcceiA’-ed sulfadiazine by mouth in doses of 1 gm. every 4 or 6 hours, as needed, 
to maintain a total drug leA^el of more than 7 mg. per 100 cc. of blood. 

Blood Levels FolloAving the Parenteral Administration of Calcium 
Sulfadiazine, The IcA'els of free sulfadiazine in the blood after the sub- 
cutaneous administration of 4 gm. of calcium sulfadiazine, folloAA^ed by 
two subcutaneous injections of 3 gm. each at 12 hour inter Amis, are 
shoAvn in Figure 1. Maximum blood IcAmls were usually obtained 4 or 
"j hours after the subcutaneous injections. Relatively high blood levels 
were maintained for a period of approximately 10 hours after each dose. 
These blood concentrations compare favorably with those observed by 
other investigators after the oral administration of sulfadiazine itself 
or the subcutaneous injection of its sodium salt.’^~^®’'° In our series, 

* Dr. Goorp? A. Hnrrop, Director of the Squibb Institute for Medical Research, had 

sans prepvyed and placed at our disposal. 

,, ^ The ^ifadiazinc blood levels Avero c.arricd out under the super\nsion of Dr. G. 
r..vans, Director of Laboratories, University Hospitals. 
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tlu* ratt* ()f <\\c*r(‘tion of tlie as incasiircfl by its (lisa])pearancc 
from the blond, did not differ significantly from that reported by the 
above authors. \\ h(‘n the drug was withdrawn, the blood level of total 
drug fell to less than 2 mg. per JOO cc. l)y the end of ‘iS Jjours after the 
last inj(t:tion. 

Tin* sulfadiazine levels in the blood after an initial intravenous dose 
of d gm. of (’aleium snlfadhizine, followed by two .snbentaneous injec- 
tiofis of d gm. each at intervals of 12 hours, are shown in Figure 2. 
Immediat<dy aft<*r intravenous administration, the drug concentration 
in the blood was high although the actual drug levels varied mnsidcr- 
nl)ly in flillVrent snbjec'ls. Subsequently there was a steady decline of 



Fjo. J. — Concentrations of free snlfadinzine in tlic blood following repeated subcutaneous 
injections of calcium sxilfndiazinc. 


the blood levels until the first subcutaneous dose was given. Never- 
theless, it is clear that tlie intravenous injection of 4 gm. of calcium 
sulfadiazine, given as a 4% solution in distilled water, is an effective 
method for quickly establishing high levels of the drug in the blood. 
These blood levels may then be maintained and regulated by the 
judicious subcutaneous administration of different amounts of this 


compound. ^ ^ 

Therapeutic Results. The essential data concerning 14 patients wjm 
were treated by the subcutaneous administration of calcium^ sulfa- 
diazine for 24 hours, followed by sulfadiazine orally, are outlined m 
Table 1. These patients suffering from a variety of infections were 
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all acutely ill.* In each case the concentration of total sulfadiazine in 
the blood exceeded 7 mg. per 100 cc. within 3 hours after the first 
injeetion of drug. Thereafter the blood levels of sulfadiazine in these 
patients, during both parenteral and oral therapy, consistently tended 
to exceed the levels observed in control subjects after similar dosage. 
Domm and his associates^ have suggested that this may be the result 
of impaired renal function during the height of illness. For the most 
part, total drug levels in the blood of these patients during treatment 
ranged from 7 to 15 mg. per 100 cc. In some cases, however, levels up 
to 20 mg. per 100 cc. were occasionally reached. Unless otherwise 



Fig. 2.— 'Concentrations of free sulfadiazine in the blood after an initial intravenous 
injection of calcium sulfadiazine^ followed b 5 ^ two subcutaneous injections of the cal- 
cium salt. 

noted, chemotherapy was continued for at least 48 hours after the 
patient’s temperature had returned to normal or after unmistakable 
clinical signs of improvement had appeared. No severe toxic reactions 
attributable to tlie drug were observed in this series of patients, and 
there was an absence of nausea and vomiting. Tlie skin eruption seen 
in 1 patient was confined to the face and upper extremities. It was 
macular in cliaracter and subsided promptly when the drug was dis- 
continued. The microscopic hematuria exhibited by 2 patients was 
lot sufficioiith severe to warrant withdrawal of the drug. 

* nsictcrioloKic dnta was obtained under Dr, Milton Levine, Director of the Bactcriol- 
Lnl>orntonoj?, University Hospitnh 
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Calcium Sulfatliiazolo* Only a few olxser\'ations have been carried 
out with this coinpound in human sul)jects. Calcium sulfathiazole is 
a wliite, crystalline, odorless and sliplitly bitter compound. It is 
slightly less soluble than calcium sulfadiazine, but 10 times less alkaline 
than sodium sulfathiazole. Varying concentrations of solutions of 
calcium sulfathiazole arc slightly more alkaline than comparable solu- 
tions of calcium sulfadiazine. 'J'hc pi I of a n% aqueous solution of 
calcium sulfathiazole is S.S. 

The behavior of this compound following parenteral administration 
was observed in o adult males. These men ranged in wciglit from 53 
to 7.3 kg. and were otherwise clinically comparable to the group which 
received trial injections of calcium sulfadiazine. Kach injection was 
prepared from *1% solutions of (‘alcium sulfathiazole dissolved in sterile 
distilled water at SO^ (\ and then cooled to 37"^ C. Each subject 
received an initial dose of 4 gm. intravenously followed in 12 hours by 
a subcutaneous dose of 3 gm. In 3 cases, further subcutaneous ad* 
ministration of sulfathiazole was discontinued because of redness, 
induration, and ))ain at the site of injection. Two patients received a 
second subcutaneous injection of 3 gm. of the drug 12 hours after the 
first injection with no untoward local symptoms. No generalized reac- 
tions resulted from the administration of calcium sulfathiazole by 
these methods. The sulfathiazole concentrations in the blood were 
one-lmlf to tw'o-thirds that obtained with calcium sulfadiazine under 
similar conditions. 

Comment. The data presented here indicate that the calcium salt of 
sulfadiazine can be used safely and eficctivcly in patients requiring 
parenteral chemotherapy. Solutions of this drug in distilled water arc 
not strongly alkaline and Iiave been administered subcutaneously as 
well as intravenously with no ill-cffccts in concentrations up to 4%. 
This allows considerable latitude in tlie regulation of dosage and m 
the maintenance of the desired blood levels. The rate of disappearance 
of drug from the blood after the injection of calcium sulfadiazine is not 
significantly difTcrent from that observed following the parenteral 
administration of comparable doses of sodium sulfadiazine. Thus, 
blood levels of a desired magnitude can be easily maintained by injec- 
tions of calcium sulfadiazine at intervals of as much as 12 hours. The 
amount of drug and amount of fluid administered with each dose may 
be varied according to the needs of the individual patient. 

It has long been known that the injection of ionized calcium salts 
may cause cliaracteristic exudative lesions which provide peculiarly 
favorable cultural conditions for the growth of streptococci and 
anaerobic bacilli.^*'- This phenomenon, called kaiaphplaxis by Bullock 
and Cramer, 3 apparently is not due to any increased ^drulence of the 
bacteria but to a reduction of local tissue resistance. In our series ot 
patients, there %vere no instances of severe tissue reactions or superim- 
posed infections at the site of injection of calcium sulfadiazine. 

It has been reported that the intravenous injection of calcium salts 
into fully digitalized patients has precipitated sudden death.'^ Iionn- 
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ever, Smith and his associates were not able to confirm this phenome- 
non experimentally^^ Calcium sulfadiazine has been administered 
intravenously to fully digitalized individuals without any ill-effects. 

Table 1 .— Scmmabv of Data for 14 Patients With Miscellaneous Infections 
Treated With Calcium Sulfadiazine Administered Subcutaneously and Sulfa- 
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Proliininary iiivt^stipitions with the eahmnn salt of sulfathiazole 
inclinite that its use may he accompanied hy inflammation and necrosis, 
partieuhirly in concentrations comparable to those used for calcium 
sulfadiazine. We do not recommend its clinical use. Data at hand do 
not permit us to rlraw any ('onclusions concerninp tlie therapeutic effi- 
(deney of calcium sulfathiazole. 

Summary. 1. Aqueous solutions of (»alcium sulfadiazine may he 
administered snheutaneously or intravenotisly in concentrations up to 
with no ilUdfeets. 

2. 'I'he pattern of absorption and exen'tion of ealcium sulfadiazine, 
as measured by the rise and fall of drop level in the blood, docs not 
dilVer sif;nifi(‘antly from that observed following: the parenteral adminis- 
tration of eomj)aral)le doses of sodium sulfadiazine. 

IVeliminary elinieal experience indicates that ealeium sulfadiazine 
administered .snl)eutaneously is efVeetivc in establishing and inaintain- 
in^r adequate blood levels of dm/; in patients requirin/r parenteral 
ehemotherapy. 

•}. Aqueous solutions of calcium sulfathiazole administered subcu- 
taneously resulted in local inflammation. 

T). It has 1)een reported that aciuwus solutions of sodium sulfadiazine 
in concentrations up to .*>% may he safely administered subcutane- 
ously. If those observations are confirmed, there appears to be no 
advantape in ntilizinp caleimn sulfadiazine for this purpose. 
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This paper is an amplification of a preliminary reporH from this 
laboratory of the use of sulfapyrazinef*'® in pneumococcal pneumonia. 
Sulfapyrazine’s antipneumococcal activity in experimental infections 
in mice has been shown to be at least as great as that of sulfadiazine 
and sulfathiazole, and its in niro effectiveness greater than that of 
sulfadiazine but less than that of sulfathiazole.® Its absorption, excre- 
tion, and distribution in man resemble, in general, those of its isomer 
.sulfadiazine.^ Oral and parenteral administration of the drug to 
mice, rats, dogs, and monkej'S'*-® has indicated that its toxicity is low. 

General Plan of Study. All the patients' in this series were treated on the 
wards of the Cincinnati General Hospital. The patients were seen daily bj^ 
one or more members of the group during the course of treatment and, when 
possible, examined b}' one member before sulfapyrazine therapy was insti- 
tuted. The onlj’' criterion employed in the selection of cases was the diag- 
nosis of “typical” pneumonia as determined by history, and physical examina- 
tion or roentgenograph 3 \ A blood cultui’e and sputum sample were collected 
from each patient before the institution of chemotherapy; in a few instances, 
when sputum was not obtainable, exudate from a throat swab was inoculated 
into culture media. Ti'eatment was never delayed, however, until the causa- 
tive organisms were identified. When a blood culture showed growth, daily 
cultures were taken until at least 2 “negative” cultures had been reported; 
culture media contained 5 mg. per 100 cc. para-aminobenzoic acid. During 
the period frour March 1, 1941 to June 30, 1942, about 40% of the adult 
patients suffering from jmeumonia were treated with sulfapyrazine, while the 
grc!\t majority of the remainder received sulfathiazole. Antipneumococcal 
scrum was given to those patients who did not respond promptly to chemo- 
theraiw, oi‘, sometimes, to esiiecially ill patients admitted in the fourth or 
fifth day of pneumonia. 

Dosage of Sulfap 3 n'azine. Duiing the early part of this study, all patients 
were given an initial dose of 2 or 4 gm. followed by 1 gm. eveiy 4 hours; ali 
the drvig was given orally. Later, it became our practice to administer the 
untial dose of 4 gm. intravenously, as a 5% solution of the sodium (mono- 
liydrate) salt, and to continue the maintenance dosage as before. Because of 
the appearance of instances of renal irritation in a few patients, the mainte- 

stud.v w\s aided by a grant in honor of Craig Ycisor and bv a grant from 
Mead Johnson (c Company. 

t The BnUapyratino was fnrniphed by Mead Johnson A* Company. 
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nanro was chaiiKod (o I avcry 0 horn's; no patient receiving tills dose 
sliowed signs of renal Uixicity. The therapeutic cflicacy of the drug appeared 
to 1)0 just^ as great with the smaller total dose. Sulfapyrazine was adminis- 
tered routinely tmtil the rectal temi>eraturc remained below 00® for 48 hours: 
an average total dose of J^O.4 gm. was given to the patients in this scries. 

Typo Distribution. The su I fapyrazino-t rented group comprised 105 cases, 
whose type distribution is shown in Table 1. Tj'pes I, II, III, V, VII and 
VIII accounted for more than 70 of the total; in 12 instances, no etiologic 
diagnosis could be made b}* blood or sputum culture. Twenty-four (23 
of the patients had bacteremia at the time chemotherapy was instituted. 
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Results of Treatment. (See Table 1.) All of the patients, except 4, re- 
covered. The 4 fatal cases occurred in patients with bacteremia. Two 
of these patients received serum in fairly large doses in addition to the 
sulfapyrazine, while a third received human plasma. Witli one excep- 
tion, the fatalities occurred in patients over 50 who gave evidence of de- 
generative disease. For purposes of comparison, the mortality figures 
for sulfathiazole-treated pneumonia at the Cincinnati General Hospital 
during the same period are shown in Table 2; none of tire patients 
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receiving sulfathiazole received serum. It can thus be seen that there 
was no striking difference in the curative value of the two drugs. 

Even though sulfap^Tazine is in no sense an antitoxic substance, 
it seemed to share the property of certain of the other sulfonamides of 
diminishing the signs of “clinical toxicity” so frequently associated 
with pneumococcus pneumonia. This improvement in clinical condi- 
tion was usually apparent in 12 to 24 hours and was apparently inde- 
pendent of the patient’s temperature. A critical fall of temperature 
occurring after the administration of the drug was noted in 45% of 
the non-bacteremic cases and in only 16% of the recovered bacteremic 
patients; similar incidences might be expected in untreated patients. 
The details of the fatal cases are appended below. 

The celerity with which blood cultures from bacteremic patients may 
become “negative” under sulfonamide treatment is striking. This 
property of sulfapyrazine was exemplified in 2 patients with 350 and 
680 colonies per cc., respectively, of Type V pneumococci; within 
24 hours the blood culture showed grorvth onl,y in the flasks and on 
subsequent examinations they were sterile. In another case, the blood 
culture showed countless colonies of Type XVIII pneumococci before 
treatment, but was sterile 16 hours after an intravenous injection of 
4 gm. of sodium sulfapyrazine. No patient in this series developed a 
purulent complication of pneumonia under treatment. However, 
2 patients were admitted with focal purulent complications: 1 with 
infected pleural fluid containing pneumococcus I, and another with 
pyarthrosis of the knee and sternoclavicular joints due to pneumo- 
coccus Y. The py arthroses disappeared completely without requiring 
surgical drainage, but the empyema ultimately required rib resection. 

Drug Toxicity. There was no proved instance of sulfapyrazine caus- 
ing a deleterious effect upon the central or peripheral nerx'ous system. 
In 3 cases, delirium occurring during treatment was thought by some 
observers to be due to the drug, but readministration of the drug, in 
similar dosage, did not cause a repetition of the delirium in these 
patients. Tliere was 1 instance of nausea and vomiting and 2 instances 
of fever which may have been due to the drug. One patient developed 
a morbilliform eruption during the course of treatment, but the rash 
could not be duplicated during convalescence, when sulfapyrazine 
treatment was reinstituted. No cyanosis or jaundice associated with 
chemotherapy was seen. 

The major toxic effects of sulfonamides on the red and white blood 
colls were not encountered among patients of this series. In 1 instance 
there was a decrease in the white blood cell count from 10,900 to 2700, 
with 43% polymorphonuclears, observed. The drug was readminis- 
tcred during convalescence after the total count had returned to nor- 
mal but no^cffect was noted, either quantitatively or qualitatively. 

In 5 of 57 patients given 6 gm. of sulfapyrazine a day, an elevation 
of the. blood urea nitrogen, associated with pain in the flank, hematuria, 
and oliguria, occurred during treatment; in no instance did anuria 
supervene. In 2 cases, the blood urea nitrogen rose from IS mg. per 
100 cc. and 21 mg. per 100 cc., respectively, on admission, to 49 mg. 
per 100 ec. and 01 mg. per 100 cc., and in the third case from 42 mg. 
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piT 1(10 (H‘. to ()() in^. per 100 ec. In 12 oIIkt cases, where determina- 
tions of the blood nroa nitrogen were not made on admission, elevations 
to oO mg. per 100 ce, and 14.3 mg. per 100 cc. were discovered later. 
No patient developed any clinical signs of uremia, and in every instance 
the blood nrea nitrogen returned to normal following discontinuance 
of the drug and proper attention to fluid intake. Among 44 patients 
treated with 4 gm. a day, no signifi(’ant signs of renal toxicity were 
seen, thougli a few r(*d I)Iood cells were discoven^d microscopically in 
(> eases. 


Summary of Fatal Cases. Cask 1 . Tliis 31 year old negress worked until 
the day before admission to tlic hosjiital. She gave a typical Iiistoiy' of pneu- 
mococcal pneumonia of 24 hours’ duration. On admission she was acutely 
ill with a tcmi)eraturc of 10.").8° F., pulse 1.30, respirations 44, and blood 
pressure 130 systolic and 70 diastolic. There were classical signs of consolida- 
tion of the left upper lobe, but the lungs were othenvise clear. The white 
blood cell count was .'>000 with SOCr neutrophils. The red blood cell count 
was 3,700,000, hemoglobin 12..5 gm. The urine was normal. The blood urea 
nitrogen was 21 mg. per 100 cc. 

Slic was given 4 gm. of sodium sulfapyrnzine intravenously 1 1 hours after 
admission. Six hours later the blood pressure had fallen to 70 systolic, and 
moist rales were i)rcsent throughout the lungs. She died a few minutes later, 
despite efforts at resuscitation. Her total dose of sulfapjTazine was 5 gm. 
Type V ])ncumococci were later recovered from a culture of a throat swab, 
and from the broth of the admi.^^sion blood culture, though no colonies appeared 
on the agar plates. Pemiis.sion for necropsy was refused. 

Cask 2. A GS year old white woman, afllicted with asthma and chronic 
bronchitis for the previous 8 years, was admitted to the hospital with pneu- 
monia of 7 days’ duration invohdng the entire right lung. She was cyanotic 
and covered with sweat. The extremities were ice-cold. The temperature 
was lOI.G® F., the pulse 120, respirations 28, and the blood pressure SO sj^stolic 
and GO diastolic. Moist rales and rhonebi were heard over the entire chest. 
The white blood count was 14,400, and the urine contained albumin. The 
admission blood culture was positive for Type XIV pneumococcus. 

She was given 5 gm. of sodium sulfapyrazine intravenously, and supportive 
treatment which included oxygen, intravenous plasma, and hourly intravenous 
injections of paredrine. Despite these measures, the pulse became weaker 
aud weaker, and the sj^stolic blood j)ressure dropped to 40 mm. Hg, Sh? 
died 17 hours after admission. 

Autopsy revealed gray hepatization involving the riglit upper and middle 
lobes, and patchy involvement of the right lower lobe, and slight edema of 
the left lung. 

Case 3. A 55 year old white man was admitted in the 5th day of pneu- 
monia of the riglit middle and lower lobes, due to T^^’pe 'XYl pneumococcus. 
He was a chronic alcoholic who had lost 55 pounds in the preceding 3 ^ear and 
a half, and had signs of cardiac decompensation. On admission the tempera- 
ture was 101.8*^ F., pulse 132, respirations 28, and blood pressure 110 sj^stolic 
and 70 diastolic. He was somewliat irrational. The skin was icteric, and 
the liver was enlarged and nodular. The white blood cell count was 3000, 
with 74% 3 ’’Oung neutrophils. Bile and albumin were found in the urine. 
The blood urea nitrogen was 23 mg. per 100 cc. The blood culture contained 


376 colonies of Type XVI pneumococci per cc. 

Four gm. of sulfapjTazine were administered by mouth, and 5 gm. more 
during the next 12 hours. IV^elve hours after admission he was given 200,000 
units antipneumococcal rabbit serum, but he grew steadily worse, and died 
2 hours later. Permission for necropsy was refused. ^ i ^ . 

Case 4. A 75 ^rear old negro was admitted to the hospital on the ^th day 
of pneumococcus XVIII pneumonia of the left upper lobe. For 5 months 
previousl}^ he Iiad suffered from cardiac decompensation. On admission nis 
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temperature was 103° F., pulse 112, respirations 42, and blood pressure 75 sys- 
tolic and 50 diastolic. The pupils were irregular and reacted poorly to light, 
the heart was enlarged, and coarse rMes were present throughout both lung 
fields. The white blood cells numbered 28,500; the specific gravity of the 
urine was 1.024, and a few white blood cells were seen in the sediment. The 
blood urea nitrogen was 85 mg. per 100 cc. The admission blood culture 
contained countless colonies of T^pe XVIII pneumococci. 

Four gm. of sodium sulfapyrazine were given on admission, and 200,000 units 
of antipneumococcal rabbit serum 16 hours later. A blood culture taken 
just tjefore administration of the serum was sterile. Two more grams of sulfa- 
pyrazine were given by mouth, and supportive therapy administered in the 
foiTO of OKj^gen, aminophyUin, and the plasma from 1 liter of whole blood. 
Nevertheless, the systolic blood pressure failed to rise above 100, and the 
patient died 30 hours after admission. 

Autopsy revealed gray hepatization of the left upper lobe, severe toxic 
changes in the heart and kidneys, fatty infiltration of the liver, and fusiform 
syphilitic aneurysm of the ascending aorta. 

Summary. The results of the use of sulfapyrazine in the treatment 
of 105 cases of “typical” pneumonia are presented. The drug bears 
out its original promise of being an effective agent in the treatment of 
pneumococcal pneumonia, for the mortality in this series was only 4%. 
The mortality among the 24 bacteremic cases rvas 17 %. 

The only important toxic effect of the drug was upon the kidneys. 
Evidence of transient renal damage rvas found in 9% of the patients 
treated with 1 gm. every 4 hours. In patients treated with 1 gm. 
every 6 hours, the only manifestation of renal injury w^as the occasional 
microscopic finding of small numbers of red blood cells. The incidence 
of renal irritation of sulfapyrazine in larger series of cases should be 
investigated. 

The other toxic effects commonly produced by sulfonamide drugs 
appeared but rarely in this series. One morbilliform rash and 1 instance 
of nausea and vomiting were believed to be due to sulfapyrazine. 
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STATUS OF SULFONAMIDE THERAPY IN MALARIA 
By Chester E. Johnson, Jr., M.D. 

MEDICAL OFFICIKR; CHIEF, DEPARTMENT OF NEUROSYPHILIS 
PALO ALTO. CALIF. 


(From the U. S. A'eteraus Administration Facility*) 

With the onset of tlie war in tlie Pacific it became evident that the 
supply of quinine and it.*; derivatives to the Allied Nations would, to 

* with !>emus5ion of thp Mcdir.M Director. Veterans Administration, who 

Assumes no respouMbduy for the opinions expressed or conclusions drawn hy tlie author. 
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say tin* least, heeoine drastically curtailed. Suhseqiiently, and even 
prior to neecmher 7, 1 !) 1 1 , idiysicians and otlier interested investigators 
began to consider departures in anti-malarial tlicrapy radically different 
from the tried and accepted cpiininc salts. It had long been accepted 
that there was no ideal anti-malarial drug, quinine most nearly ap- 
proaching the ideal and being sufficiently satisfactory to cool the ardor 
of those who would have sought further. Out of the circumstances 
eulminating in the loss of the East Indies and the concomitant loss of 
00% of the world’s supj)ly of quinine came further impetus for investi- 
gators in their seareli for the ideal and. indeed, any effective and readily 
available anti-malarial drug. 

"J'he problems of oiling and draining bodies of stagnant water, which 
serve as breeding places, while ciij)able of solution in certain malarious 
areas, loom as utterly impossible of solution in others. It is therefore 
obvious that complete destruction of the Anophelini may never he 
aceomi)lished. Since it is impossible to remove tlie vector from the 
cycle, the next most desirable procedure would appear to be the eradi- 
cation of human reservoirs of infestation. Theoretically, the simul- 
taneous screening of all infested individuals until biologic cure is 
attained would needs be considered as one method for accomplishing 
this end. Practically, this consideration would be discarded at once. 
It would be about as easy as eradicating syphilis by segregating all 
sypliilitics and treating them simultaneously until all were arrested or 
cured. The remaining alternative would be the employment of one or 
more drugs, which would be considerably more effective than the 
venerable but epidcmiologically, at least partially, ineffective quinine 
derivatives. In order to improve upon the malaria situation as we 
now find it, the new drug or drugs should be relatively inexpensive, 
easily accessible, not too toxic, and capable of ridding the blood stream 
of parasites within a relatively sliort time. To attain the maximum 
results, even with such a drug available, diagnostic facilities and the 
means of distribution and administration of the drug would also require 
further development. AYithal, the new treatment should not of neces- 
sity require a long enough treatment period to try the patience of 
the individuals taking it. The long treatment period required with the 
use of quinine and the resulting desertion of the treatment schedule by 
patients has been one of the chief objections to the use of this drug. 
However, since December 7, 1941, any discussion of the defects of 
quinine would appear to be academic. 

Sulfathiazole in Therapeutic Vivax and Malariae Malaria. In Janu- 
ary of 1942, the author treated a case of therapeutic quartan malaria, 
a neurosypliilitic, with sulfathiazole and independently found that a 
definite anti-malarial quality was possessed by the drug. This case, 
No. 13027, had had several paroxysms over 103° F., rectal. Between 
January 6 and 9, 1942, he was given 2 gin. of sulfathiazole q.i-d. 
(q. 4 hr.) for 24 hours followed by 1 gm. q.i.d. There were paroxysms 
on January 8 and 11. These were followed by two slight reactions of 
less than i02° F., and then a paroxysm with 104° F. on January 25. 
He was completely free of even low grade fever from January 13 to 19. 
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On January 25, the regular quartan pattern Avas resumed and Avas 
subsequently terminated AAuth quinine sulfate; On February 14, 1942, 
Case 13065, Avho also had therapeutic quartan malaria, AA^as begun on 
sulfathiazole, 1.5 gm. q.i.d. (q. 4 hr.), for 2 days and folloAA^ed by _1 gm. 
t.i.d. for 2 days. From the time of the beginning of the sulfathiazole 
schedule there AA^ere no further febrile reactions and after discontinua- 
tion of the medication the patient remained feA^er-free until February 
26, 1942, on’ Avhich day there Avas a temperature eleA^ation to 101.5'’ F. 
On March 1, there AA^as a temperature of 102.6° F. Quinine therapy 
AA^as begun on March 2, 1942. The next day there Avas a paroxysm 
AA'ith elcA^ation to 104.2° F. There AA-^ere no further febrile reactions. 
From obserA^ations in these 2 cases it Avas concluded that, AA’^hile sulfa- 
thiazole demonstrated some anti-malarial action although failing to 
permanently interrupt the malaria course in either case, other mem- 
bers of the sulfonamide series should be iiwestigated. Accordingly, a 
study of the effects of sulfadiazine in therapeutic quartan malaria Avas 
undertaken. Sulfadiazine Avas selected on account of its extremely Ioaa- 
toxicity and its broad margin of safety. 

In NoA^ember, 1941, SchAAnrtz et al} published results of their AAwk 
AA'ith sulfathiazole as an anti-malarial in 9 neurosyphilitics undergoing 
therapeutic tertian malaria. The patients AA’^ere alloAA^ed to haA^e from 
3 to 15 chills before sulfonamide medication AA^as begun. Three gm. 
AA'as the initial dose and this AA^as repeated in 4 hours. Thereafter 1. gm. 
AA'as giA’^en eA'^ery 4 hours for a total dosage of 25 to 50 gm. Chills and 
fcA^er ceased in cA^ery patient after sulfathiazole but the blood AA^as 
cleared of plasmodia in only 5 of the 9 cases. One of these suffered a 
relapse 15 days after discontinuation of sulfathiazole therapy. After 
a period of 90 days there had been no sign of relapse in the other 4. 
The remaining 4 patients, AAdiose blood could not be cleared of plas- 
moclia, all experienced clinical relapses in from 12 to 20 days after the 
chemotherapy AA'as discontinued. There AA^ere no serious toxic mani- 
festations in any of the 9 patients. 

Work of Coggeshall and others. As early as 1938 sulfanilamide Avas 
employed by Coggeshalff in the treatment of P. knowled malaria in 
Mocncus rhesus monkeys. In this type of malaria sulfanilamide 
effected complete sterilization of the blood of the test monkeys. His 
experience in this connection led him to the use of sulfanilamide in 
human malaria but here he found it Avithout effect. On September 27, 
1941, Coggeshall, Maier, and BesC published their results of the treat- 
ment of various types of malaria Avith promin (srdium P,P'-diamino- 
diphenylsulfonc Is^N'-dide.xtrose sulfonate) and AA'ith sulfadiazine (2- 
sulfanilamido-pyrimidine). Seventeen cases AA'ere treated Avith promin, 
of Avhich 12 Avere viA'ax and 5 falciparum infestations. In the vh^ax 
cases the time interval required for disappearance of fever varied from 
immediate to 6 days Avith an average of 2f days. Of these 12 cases, 
plasmodia persisted in the blood in 4 and required from 1 to 5 days for 
their disappearance in the remaining 8 cases Avith an average of 3f days. 
The treatment periods varied from 3 to 4 days in each case and the 
total dosage A'aried from o to 40 gm. In the falciparum cases, o in 
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number, there were none in which j)Iasinodia persisted. Garnetocytes 
persisted in 1 case for 10 days. In the remaining 4 all parasites dis- 
appeared in a period of 2 days. Tlic duration of the attack in all 
17 cases before treatment was begun varied from 1 to 14 days, averag- 
ing days. Promin was then used in several patients who had thera- 
peutic malaria but results here were inconclusive. One of these 
])atients exiicricneed a resumption of paroxysms. Four of them were 
treated with promin for It days after having had 10 paroxysms each. 
Blood smears became negative and fever disappeared within 2 days. 
There was no recurrence of symptoms or parasites for G days. The 
patients then received the routine course of quinine. From an e.\'peri- 
mcntal ])oint of view the quinine should not have been administered 
until a considerably later period, if at all, in order to have determined 
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Fia. 1. — Grapliic representation of effect of 3 days treatment of Case 13027, a ease of 
therapeutic quartan malaria. Sulfathiazole. 


whether relapse would have occurred. If the patients were to have 
been released from observation within a short time the administration 
of quinine would have been proper since it had not been established 
that promin would cure therapeutic malaria and that parox;v"sms would 
not have resumed subsequent to release from observation. 

These investigators also studied the effect of sulfadiazine on acute 
naturally acquired malaria. Thirteen cases were studied of which / 
were vivax infestations, 5 falciparum, and 1 malaria. The number of 
da^^’S of duration of the attack before treatment had begun varied from 
1 to 18 with an average of 44-|- days. In 1 case of vivax and in 2 cases 
of falciparum infestation no effects were observed. In the remaining 
10 cases fever disappeared in from ^ to 3 days and plasmodia disap- 
peared from the blood in from 1 to 5 days. The treatment period was 
the same in all cases and was for 6 days, 6 gm. being given on the 
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first day and 4 gm. daily for the remaining 5 days. From the fact that 
in 1 case 5 days were required for the parasites to disappear, it is pos- 
sible that a treatment period of even more than 6 days may have been 
indicated. 

The conclusion of these authors was that “ at present there are no 
reasons for giving the drugs (sulfonamides) in preference to quinine or 
atabrine for the treatment of malaria, and they should be regarded only 
as important substitutes.” In comment on this conclusion it should 
be pointed out that this paper was published before the East Indies 
were occupied by the Japanese and our supply of high grade quinine 
cut off. If the sulfonamides are to be regarded as important substitutes 
for quinine, it Is apparent that now is the time to use them for that 
purpose. 
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Fig* 2.' Effect of 4 days treatment of Case 13065, also a case of therapeutic quartan 
malaria. Sulfa thiazole was also used here. 


Eelative Numerical Importance of Tertian and Quartan Therapy. 
Tlie use of quartan malaria for therapeutic purposes has become 
much more general in the past few years, especially in the Pacific Coast 
area where it is used almost to the exclusion of tertian. Long range 
results of malaria therapy in neurosjqDhilitics are said to be slightly 
better with tertian than with quartan malaria but due to the milder 
course of the disease and to the smaller number of complications with 
corresponding lowering of mortality rates in the latter/ quartan 
therapy is becoming ever more popular with conservative neurosyphil- 
ologists. Hcsults of the study of the effects of sulfadiazine in thera- 
peutic quartan malaria (to follow) would therefore appear to be of 
greater import than would have been the case a decade ago. 

rhcrapeutic tertian malaria, which has a marked tendenev to spon- 
taneous remission, requires a treatment period of onlv about 10 davs 
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with relatively light quinine dosage. Obviously then, it does not con- 
stitute a problem of considerable dimensions. Moore, ^ who has had 
an enormous experience with therapeutic malaria, states that he has 
never seen a relapse in artificially induced tertian malaria following a 
proper quinine course. In contrast, therapeutic quartan malaria is 
characterized by a fairly high incidence of relapses and requires con- 
siderably more energetic treatment than docs tertian. 

The strain of quartan employed in our series has been in constant 
use for a period of more than 10 years and has long since become 
asexualized. It produces a very regular quartan fever pattern and 
spontaneous remissions never occur in it cxcej)t in patients who have 
had natural or a previously induced course of therapeutic quartan 
malaria. It was considered ideal for a study of the effects of sulfa- 
diazine on asexual artificially induced quartan malaria. It was also 
considered favorable that the patients under study could be kept under 
observation for a comparatively long time and that tliis would aid 
materially in determining the rate of relapse after treatment. 

Sulfadiazine Therapy. Untoward Reactions. As stated above, sulfa- 
diazine was selected for our work, from the sulfonamide field, largely 
on account of the low toxicity of the drug. Toxic reactions of any 
importance are ap])arently rare. One of the most common side effects, 
of a mild nature, is a state of mild confusion and cloudiness of sen- 
sorium wliich clears rapidly upon witlidrawal of tlie drug and results 
in no permanent detrimental condition. Coggeshall ci air comment 
on a case of malaria treated by tliem with sulfadiazine in which fever 
developed as a result of the medication and ceased at once upon its 
discontinuation. In our first series, of 10 malaria cases, treated with 
this drug there was 1 case of severe emesis which became active with 
each dose administered. Evacuation of the stomach occurred each 
time wdthin a few minutes after the drug was taken. Even so, however, 
a sufficient amount of it Avas retained to clear the blood of plasraodia 
for a period of 39 days and to cause disappearance of febrile reactions. 
Although it is conceded that routine administration of sodium bicarbo- 
nate with sulfadiazine is not a preferred procedure, it has been our 
practice to give it when nausea developed during the course of medica- 
tion. Accordingly, sodium bicarbonate was begun in this case but 
failed to clieck the A'omiting. Finally the Avithdrawal of the sulfona- 
mide became necessary in order to control it. In vieAV of the emesis 
and of the consequent loss of a large proportion of the sulfadiazine, this 
case w^as not counted a relapse with sulfadiazine therapy. 

No renal disturbances at all were noted in the aboA^e series. Alright 
and Kinsey® discuss cases of anuria resulting from the use of the drug. 
They state that it is their opinion that this will not occur if the dosage 
is kept at or under 4 gm. daily. In oiu* work, AAdth the exception of the 
first 24 to 48 hours during Avhich larger doses Avere gwen for the purpose 
of building up blood levels, daily dosages have been 4 gm. or less. 
AVe are noAV folloAving their suggestion of searching for the combined 
presence of sulfadiazine crystals and red blood cells in the urine 
mens AA’hich we examine on all cases under sulfadiazine therapy. They 
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State that the presence of this combination indicates crystalline concre- 
tions in the ureters and constitutes an indication for discontinuation of 
the treatment schedule. 

With the exception of the emesis case above described, no other 
toxic manifestations were observed in this series. 

Technique of Administration. A set of standard conditions was 
established for the 10 cases constituting series No. 1. All patients were 
kept at bed rest but were allowed bathroom privileges. Otherwise 
they were kept continuously in bed and were served their meals there. 
No other medication was given during the sulfonamide course except 
sodium bicarbonate in the 1 case above discussed. The usual routine 
in our neurosyphilis clinic of 4 intravenous injections of mapharsen 
following the termination of malaria was abandoned on account of the 
anti-periodic effect of this trivalent arsenical. This was done to en- 
hance the evaluation of the sulfonamide therapy. Specimens of urine 
were sent to the laboratory for examination every other day and daily 
if the indication arose. 

A number of different treatment schedules were used in the se^’eral 
cases treated. The general principle of heavier dosages on the first day 
or two followed by a reduced maintenance dosage, was adhered to in 
all cases. In series No. 1 the treatment periods varied from 4 to 8 days 
with four patients under treatment for 4 days, two for 5 days, two for 
7 days, and two for 8 days. The average number of treatment days 
was 5.G. Total dosages varied from 24 to 40 gm., four patients receiv- 
ing 24 gm., two 28, two 36, and two 40 gm.; average amount 30.4 gm. 
Sulfadiazine was used in all cases except one in which sulfathiazole 
was employed due to the complicating development of an urinary tract 
infection. In series No. 2, comprising 4 cases, treatment periods were 
0 days in 1 case and 10 days in each of the other 3 cases. Here total 
dosages varied from 44 to 48 gm. The purpose of dividing treated 
cases into two series was to compare efficacy of longer treatment periods 
with that of shorter periods but since the number of cases in series 
No. 2 was so small such a comparison would have been of no statistical 
value. Relapse rates were therefore computed from the total number 
of cases making up the two series. Incidentally, the rates in the two 
scries were approximately the same. 

All patients were protected from exposure to direct sunlight. 

Results. The treatment periods under the sulfonamides were un- 
eventful in the great majority of the cases treated . One patient suftercd 
severe emesis as a result of his sulfadiazine therapy. Vomiting was 
not alleviated by alkalization. It was felt that he retained only a small 
amount of the drug from each dose and he was therefore not included 
in the group of patients from which the relapse rate was computed. 
All others in both series were included. 

In the 13 cases which were considered suitable for the studv there 
were 3 relapses, or a relapse rate of 23%. In Case 13148, one of the 
o relapses, there was no recurrence of symptoms but there was a 
ro\ ersion of blood smears to positivity. This relapse occurred 79 days 
after completion of the sulfadiazine course. A course of 4 day.*' sulfa- 
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fliazinc tlicrapy at the time of the relapse caused the parasites to 
disappear from the peripheral circulation and to this date, 150 days 
since, there has been no symptomatic relapse and plasmodia have not 
reappeared in the blood. In Case 13200 there was a symptomatic 
relapse 33 days after completion of the sulfadiazine course and plas- 
modia were found to be present in the blood. At the beginning of the 
second course of sulfadiazine, then begun, emesis occurred with each 
dose and the drug was abandoned in favor of quinine sulfate. Of the 
‘I cases constituting series No. 2, one (Case 13297) suffered sympto- 
matic relapse with rcai)pearance of plasmodia in the blood M days 
after sulfadiazine therapy. An additional course of sulfadiazine was 
begun at once and continued for a period of 4 days. Abatement of 
symptoms and disappearance of i)lasmodia from the blood was the 
result. At this time, 68 days since, there lias been no recurrence of fever 
and several blood smears have been negative. 
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Ten patients oripinally constituted this series but 1 was omitted as explained in text. Patients 
in tliis series received from 4 to 8 days of sulfonamide treatment while those in series No. 2 received 
either 9 or 10 days of treatment each. It was intended to run the two series in order to compare 
efficacy of shorter and lonRcr courses but small number of cases in scries No. 2 would not permit 
statistical comparison of any value. Relapse rates arc computed on basis of total number of patients 
in the two series. 

T *= Tertian. Q = Quartan. 


Figure -I.— Series No. 2 
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This series consisted of 4 patients. Treatment periods w^ere 9 to 10 daj’S and the total dosage of 
sulfadiazine was from 44 to 48 gm. There was 1 relapse in the 4 cases. 

T = Tertian. Q = Quartan. 


It will be noted in the accompanying tables that in no case did the 
drug fail to bring about a disappearance of plasmodia from the blood 
smears. LikeA\dse, no patient failed to obtain complete sjTnptomatic 
relief from this medication. Our experiences with sulfadiazine in the 
cases which suffered relapses, as well as those which did not, has led 
us to the practice of routine use of the drug in all cases but the excep- 
tional ones in which it is not tolerated..; The length of time required 
for control of paroxj^sms by use of sulfadiazine was found in our senes 
to closely parallel that found by Coggeshall and co-workers= in a senes 
of naturally acquired malarial cases. _ . . • _ 

It is conceivable that the implication of these observations could be 
of military significance, in that army personnel finding themselves m 
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isolated positions could employ this drug when contracting malaria. 
(We are in receipt of advice from local militar^^-medical authorities that 
sulfadiazine tablets are replacing the sulfanilamide tablets which have 
been carried on tlie persons of soldiers in the field.) 

The question of why some patients are permanently cured of the 
disease while others have relapses may possibly be answered at a later 
date by sulfadiazine blood level studies. So far as we have been able 
to learn this has not yet been undertaken. The above-described cure 
of relapsed cases with a second course of the drug should lead to further 
studies along this line and elicits the possibility of a treatment schedule 
which would employ a second course initiall.y instead of only after a 
relapse. Both of these considerations are being investigated in cases 
currently under treatment by the author. 

Summary. 1. The need for a new and effective anti-periodic 
are described, along with present obstacles in the use of quinine 
derivatives. 

2. The author’s independent discover;s' of the anti-malarial action 
of sulfadiazine, and of sulfathiazole as a point of predication, is con- 
sidered. 

3. A resume of the work of Schwartz ei al. indicates that sulfathiazole 
in their hands was effective as an anti-malarial in only about 50% of 
the cases. 

4. The work of Coggeshall ei al. with the sulfonamides, promin and 
sulfadiazine, in the treatment of natmally acquired and therapeutic 
malaria is ^e^dewed. Results in the latter were inconclusive but were 
indicative that sulfonamides possessed an anti-malarial action in both 
naturally acquired and therapeutic malaria. Sulfanilamide was found 
to be without effect in human malaria. 

5. Quartan malaria is used therapeutically much more widely than 
formerly, so that positive treatment results with sulfadiazine have 
also become more important. 

6. To.xic and other untoward treatment complications in the use of 
sulfadiazine are described along with precautions to be observed. 

7. Technique of administration and treatment schedules are dis- 
cussed. The author’s treatment results are described and tabulated. 

S. Possible military significance of the author’s treatment results is 
discussed. 

Conclusions. 1. Sulfadiazine is an effective anti-malarial. 

2. It is exiubited with a minimum of toxic reaction and is therefore 
taken by patients with less reluctance than is quinine. 

3. Tlie relapse rate, employing our dosage sehedules and in thera- 
peutic quartan malaria, lias been established at 23%. The amount 
of treatment used appeared to have no relation to the relapse rate. 
Patients suffering relapses liad had o, 8, and 9 davs of treatment 
respectively. 

4. Relapses are controlled by a second course of sulfadiazine. Xo 
patient has had a second relapse. 

o. ihe anti-malarial action of sulfadiazine could be used to advan- 
g * the mihtar\ in malarious areas. 
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PROTHROMBIN STUDIES USING RUSSELL VIPER VENOM 

VI. The Stability of the Thromboplastic-like Activity of 
Russell Viper Venom Under Various Conditions 
OF Storage 

By Robert C. Page, M.I).* 

AND 

Kmvix J. BE Beer, Ph.D. 

.new VOTIK, N. V. 

(From t))c Cljcmieal Laboratory of the DciJartmcnt of Surgery, College of Physicians and 

Surgeons, Columbia University and Presbyterian Hospital, and The Burroughs 
AVellcomc it Co. [U. S. A.] Inc. Experimental Research Laboratories, Tuckahoe) 

The use of Russell viper venom as a thromboplastic-like substance 
in Quick's test** for prothrombin clotting time has been advocated on 
the grounds that it possesses several advantages over thromboplastin 
derived from rabbit brain. Essentially the same relative results have 
been obtained with botli thromboplastic agents.^ The commercially 
available venom is convenient, quite uniform Avithin and between 
batches, and, as originally packaged, stable for at least 5 years.^ The 
present study deals with the stability of venom solutions under various 
conditions of storage. 

Method. Considerable amounts of 2 batches of venom were secured. f 
A portion of each batch of venom was dissolved in water to make a concentra- 
tion of 1 to 10,000. A water solution of venom from many ampoules of the 
same batch was pooled and then di\dded into 4 portions and stored as follows: 
2 portions, 1 tightl}^ stoppered and 1 lightb^ stoppered (the opening being 
sufficiently small to prevent appreciable evaporation and consequent con- 
centration of the venom but sufficientb’^ large to permit the access of air)j 
were kept in the laboratorj^ at room temperature, and the 2 other portions. 1 
stoppered and the other lightly stoppered, were kept in a refrigerator. 

At 2-week intervals throughout a period of IS weeks, all 4 samples were 
tested for thromboplastic actmty by detennining the prothrombin clotting 
time of samples of normal venous blood. The method consisted in adffing 
venom solution to oxalated plasma and then adding calcium chloride. The 
time required for the formation of fibrin flecks is the prothrombin clotting 
time.- All determinations were done in triplicate. . 

The balanced experimental design as indicated in the tables poss^sed several 
advantages. In addition to revealing the effects of storage conditions, com- 

* On active service with the Armed Forces of the United States. 

.f Russell Viper Venom (“Stypven”) was supplied by Burroughs Wellcome & 

(U. S. A.) Inc., New York. N. Y. 
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j)arisons could be made between the 2 different batclias of venom. Since if 
was desirable to liavc blood of as constant coinj)osition as possible, the same 
2 persons furnished blood for the entire .study. By using 2 indi\'i duals, 1 served 
as a control for the other. ^ Both were nealthy young adults. However, since 
even the blood of healthy indinduals miglit varj', venom from freshl}' opened 
ampoules served ns standards of control at each 2-week period, IVIore than 
G50 determinations were performed in the course of this study. 

Results, The rc.suJts are given in Table 1. hispection of the data 
reveals the iinportanee of control detenninations, a.s periodic fluctua- 
tions in the ])rothroinl)in times of botli subjects were found to occur. 
In order to correct for tliese flnetiiations the average control values 
were subtracted from the corresponding average experimental values 
of each of the 4 stored samples and the results plotted as in Figure I. 



Fig. 1. — Thromboplastic activity of samples of Russell viper venom under different 
conditions of storage. The differences in prothrombin clotting times between stored 
samples and the control values are plotted against the duration of storage. Curve A— 
lightly stoppered, room temperature. Curve B — tightly stoppered, room temperature. 
Curv'e C — fighfly stoppered, refrigerator temperature. Curve D — tightly stoppereiif 
refrigerator temperature. 


It was found that storage at refrigerator temperatures in stoppered or 
lightly stoppered containers as well as storage in stoppered flasks at 
room temperature, did not significantly affect the thromboplastic-like 
activity. The sample which was left lightly stoppered at room tem- 
perature showed no cliange for the first S weeks. At this point, however, 
the activity suddenly decreased ^^ery rapidly as ifidicated the 
increased prothrombin time curves. The suddenness and the com- 
pleteness of the change is surprising, as it would generally be expected 
that the decomposition would either occur soon after exposure or 
that it would be a more gradual process. 

Summary. 1. Solutions of Russell viper venom maintained tlieir 
thromboplastic-like activity unimpaired when stored in stoppered or 
lightly stoppered containers at refrigerator temperature or in stoppered 
containers at room temperature for the duration of the experiment 

(126 days). . 

2. Solutions of Russell viper venom suffered sudden decomposition 
after about 2 months exposure to the air at room temperature. 
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3. The prothrombin clotting times of two healthy normal indi- 
viduals underwent periodic fluctuations over a period of 18 weeks. 

Wo wish to express our appreciation for the assistance and cooperation of Dr. Louis 
Bauman in whose laboratory this work was carried out, and to Miss Mary Hamlin for 
her assistance. 
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THE EFFECT OF ARSENIC (FOWLER’S SOLUTION) ON 
ERYTHROPOIESIS* 

A Contribution to the Megaloblast-Normoblast Problem 
By Louis R. Lim.arzi, M.S., M.D. 

ASSISTANT PROFESSOR OF MEDICINE 
CHICAGO, IU>. 

(From the Deinirtmcnt of Internal Medicine, University of Illinois College of 

Medicine) 

Prior to the discovery of liver therapy, arsenic was a common 
medication in the treatment of pernicious anemia, although no definite 
benefit from its use could be proved. Minot and Lee^^ believed that 
the drug acted as a stimulus to the bone marrow, though in larger 
amounts it appeared to cause destruction of this tissue. Stockman and 
Charteris'" studied the action of arsenic on the bone marrow in man 
and in animals and concluded that there was an increase in the number 
of “leukoblastic” cells and a marked hyperemia and atrophy of the 
fat. There were little or no changes in the number or morphologic 
character of the “erythroblastic” cells. Evans^ conceived the action 
of arsenic in pernicious anemia as one of “whipping up” an already 
overstimulated hemopoietic tissue, thus hastening its final collapse 
rather than promoting any real progress. It is well known that arsenic 
and its compounds are destructive to bone marrow as well as a proto- 
plasm poison. Dustin- studied the effect of arsenic on the chromatin 
as it passes through certain phases and noted a nuclear hypersensi- 
tivity to the drug (karyoklasia) which occurs as the nucleus approaches 
a phase of condensation, either chromosomal or prepyknotic. 

Tempka and Braim'® reported the effect of arsenic therapy on a 
pernicious anemia patient who was observed for a period of 45 days. 
The patient received daily 150 mg. of arsacetin by mouth and 5 mg. 
acidum arscnicosum subcutaneously for the first 24 days. The blood 
findings before treatment were hemoglobin 37 %, erythrocytes 1.25 mik, 
leukocytes 5100 and color index 1.5. Following arsenic therapy there 
were erythrocytes 3.21 mil., hemoglobin 72%, leukoc\i:es 5900, and 
color index 1.1 . After 17 days of arsenic, the bone marrow showed the 

♦ Paper presented heforc the Central Society for Clinical Rescareh jn Chicago. 
Xovomher 7, 
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IM'oincgnioblnsts unclifinged, the other forms of megaloblasts somewhat 
reduced and an increase in the number of pronormoblasts and normo- 
blasts. 'J'hc pathologic^ stab neutrophiles were increased. Similar 
findings were observed in the sternal marrow 45 days after arsenic 
therapy. Rohr'® reported the efi’ect of arsenic on the sternal marrow of 
2 cases of pernicious anemia. One case who received 1 to 7 mg. acidum 
arscnicosum daily for 7 days showed an actual decrease in the hemo- 
globin percentage and in the number of erythrocytes. Sternal marrow 
aspiration on the 7th day of arsenic therapy revealed marked changes 



Fio, 1. — Bone marrow. Case 1. Showing megaloblasts and pathologic granulopoiesis. 

(X 1100.) 

in the megaloblastic tissue. Their nuclei were swollen and misshapen 
and extreme karyorrhexis (karyoclasia) with many bizarre nuclear 
protuberances and large nuclear bits was a common observation. 
Arsenic was now discontinued and followed by the intramuscular 
injection of potent liver extract. The bone marrow examination 11 days 
later revealed a macronormoblastic regeneration and a disappearance 
of The pathologic erjdihropoiesis due to arsenic.^ Exactly the same 
changes were observed in .second case. According to Rohr, arsenic 
brings about a pathologic stimulation of the megaloblasts wliicli con- 
sist of a hastening of cytoplasm ripening, nuclear destruction and 
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nuclear extrusion. This may produce a megalocytic remission in the 
peripheral blood, but normalization of the pathologic bone marrow 
never occurs. The effects of arsenic in the other anemias stimulates 
normal erythropoiesis. On the other hand, Naegeli^''* as late as 1935 
maintained that arsenic therapy was capable of producing unques- 
tionable remission in pernicious anemia. Koller®“ studied the sternal 
marrow of a pernicious anemia patient who was treated with acidum 
arsenicosum (10 daily doses— 0.002 to 0.010 gm.) and estimated the 
length of time it takes for basophilic megaloblasts to become megalo- 
cytes. Before treatment, the marrow was megaloblastic in type, on 
tiie 6th day of arsenic medication, the polychromatophilic megalo- 

Jf MKk - 


Fig. 2.— Bono marrow, Case 1. After 4 days of arsenic medication. Note the marked 
karyorrhcxis of mcpadoblasts. (Arsenic sensitive.) (X 1100.) 

blasts were more than double in number and on the 10th day ortho- 
eliromatic megaloblasts were increased approximately 11 timek From 
those studies he estimated it takes about 10 to 12 days for tlie matura- 
tion of megulocytes in contrast to the 3 to 4 days for normocytes fol- 
lowing liver thcra])y. Kollcr is aware of the fact that arsenic therapy is 
unphysiologic. 

Ehrlich® maintained that the er\'throid cells of the primitive pre- 
hcpatic generation of erythrocytes in the embryo were identical to the 
megaloblastic generation of red cells characteristic of pernicious anemia 
<!urmg a relapse. He believed in an embryonal reversion of er\'thro- 
in pernicious anemia. Hecent* studies indicate that the red 
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colls of the j)riinitive f^eiieratiou in the embryo, thougli morplio- 
logically similar, are not identical with the inegaioblastic regeneration 
of pernicious anemia. 



3 . — Bone njarrou'. Case 1. Seventy-two liours after 10 cc. of intramuscular 
liver extract (20 units) . Showing conversion to normal erythroppicsis. (Normoblastic.) 
M. multipolar mitosis. (X 1100.) 



Fig. 4.— Bone marrow, Case 2. After 6 da 3 ’^s of arsenic therapj" showing maturation of 
megaloblasts to acidophilic stage. (X 1100.) 
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LIMARZi: EFFECT OF ARSENIC ON ERVTHROPOIESIS 

The theory that the megaloblast is a normal erji;hroid cell which 
requires the “liver factor” for its maturation to a normoblast has 
enjoyed a widespread popular ity.i-«'‘^ On the other hand, the con- 
tention that the megaloblast is a pathologic cell and that the hemo- 
poietic principle exerts its action in part by eliminating and inhibiting 
the formation of megaloblasts is supported hy clinical experiments. 



Fig. 5. — Bone marrow from case of sickle-cell anemia. Showing marked erythroid 
iniraaturity (pronormoblasts) and normoblasts unaffected by arsenic after 17 days of 
medication. (Arsenic resistant.) (X 1100.) 

Methods. The method used for obtaining and studying bone marrow has 
been described in detail elsewhere.*® To state it briefly — 1 cm. of sternal marrow 
is aspirated through a dry modified 16-gauge needle into a drj’^ sjuinge and 
placed immediately into a paraffin-lined tube containing a small amount of 
powdered heparin, an anticoagtilant; the marrow material is transferred to a 
Wintrobe hematocrit tube; centrifuged 5 minutes at about 2000 r.p.m.; the 
layers into which the marrow separates (eiythrocytes, bone marrow cells, 
plasma, and red and yellow fat) are recorded; the bone marrow cell laj^er is 
mixed with an equal volume of plasma in a paraffin chamber; and films of 
this mixture are made, stained with May-Grunwald-Giemsa dj^es, and studied 
microscopically for cell distribution and tyjies. 

Btudics of the pcriiiheral blood drawn just jirior to the sternal aspiration 
arc made in all cases. This includes counts of erythrocjdes, leukocytes and 
])lat clefs; hcmoglo])in and hematocrit detenninations, mean corpuscular 
volume, hemoglobin and hemoglobin percentage; sedimentation rate, icteric 
index, reticulocyte count and diflerential leukocyte counts. 

Arsenic in the fonn of Fowler’s solution (Liquor Potassii arsenitis cor- 
responding to 1 % ASaOs was administered in milk, beginning with 4 minims 
3 times a day and increasing the dosage 3 minims each successive day until 
the dosage of 15 mining 3 times a day was reached, or until toxic sj-mptoms 
in the (Irup Avero manifested. Some of these are hjTDeresthasia of the oral 
mucons memhrat^o, sensation of esophageal irritation, severe gastro-intestinal 
dishirbanros s\jcli ns anorexia, cardialgia, nausea, vomiting and diarrhea, 
pufimess of the eyelids and skin rashes. The drug was then discontinued or 
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the dosage was gradually decreased. The toxic effects of arsenic were observed 
in all cases of pernicious anemia, in some instances as early as the 3d dav 
following medication. 

Seven cases of pernicious anemia were studied before treatment 
after the administration of arsenic and following intramuscular Ih^er 
injections. Table 1 shows that those cases with a severe anemia and 
marked megaloblastic hyperplasia of the bone marrow are extremely 
sensitive to arsenic. Although there was no improvement in the 
anemia, a reticuloc\i:osis as high as 31 % was observed in the peripheral 
blood. The bone marrow, as early as the 4th day, revealed marked 
toxic and destructive changes in the megaloblastic tissue consisting of 
various phases of karyorrhexis such as swollen and misshapen nuclei, 
bizarre nuclear protuberances, nuclear fragments, nuclear destruction 
and nuclear extrusion. iVIitotic figures were infrequent. There was a 
definite and pronounced maturation of megaloblast to the acidophilic 
stage. There were no morphologic indications that megaloblasts 
matured to normoblasts. 

In pernicious anemia marrow after arsenic treatment the prononno- 
blasts and later stage cells are intact and they may even be adjacent 
to disintegrating megaloblasts. Following intramuscular liver therapy 
there is a tremendous proliferation of normoblasts in as short a period 
as 24 hours. This is followed by a gradual improvement in the anemia 
in the peripheral blood. Obviously the arsenic-sensitive pathologic 
megaloblastic tissue which is in a karyorrhectic condition cannot take 
part in the normoblastic transformation and normalization of the bone 
marrow in pernicious anemia following liver treatment. 

Arsenic was administered to normal controls, cases of cirrhosis of 
the liver, sickle-cell anemia, er 3 i;hroblastosis, pol 3 'C 3 i:hemia vera, 
chronic myeloid leukemia, carcinoma of the stomach and chronic 
hemorrhagic anemia (Table 2). In these various clinical disorders m 
which the bone marrow consists of a moderate to marked er\i:hroid 
hjq)erplasia and immaturity no significant degenerative dianges of 
the er 3 i:hropoietic tissue were observed. In spheroc;si:ic jaundice and 
refractory anemia with a macroc 3 d:osis following the administration 
of arsenic, karyorrhexis in the polycliromatophilic and acidophilic 
normoblasts in the bone marrow was a conspicuous feature. In none 
of the bone marrows were the pronormoblasts affected by arsenic. 
These findings are additional evidence for the separation of the patho- 
logic megaloblastic series from the normoblastic series of erythrocyte 
regeneration. 

Jones,® in a comprehensive article has discussed in detail the morpho- 
logic, physiologic, cliemical and biologic distinction of megaloblasts. 
This investigator believes the morphologic aspects of er}i:hropoiesis 
have been unduly neglected and have resulted in calling all immature 
er\d:hroid elements, “megaloblasts,’’ whether they are seen in normal 
bone marrow, in that of various clinical conditions, or in bone marrow 
of certain laboratory animals. 

In my own study of 2325 sternal marrows, megaloblasts were 
observed almost entirely in patients with anemias due to a deficiency 
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:M0 limahzi: icrrixT of aksfmc on erythropoiesis 

of liver principle. Rohr*® has had a similar experience in a series of 
more than ISOO sternal marrow examinations. 

^ In pernicious anemia, liver extract and arsenic affect the bone marrow 
differently. The physiologic effect of liver extract results in the con- 
version or transformation of a megaloblastic marrow to a normoblastic 
one in 24 to 72 hours. The pathologic effect of arsenic causes no delay 
in the conversion or transformation to a normoblastic marrow following 
intramuscular liver treatment. The pathologic cell of the granulocytic 
series and the megakaryocytes are unaffected by arsenic. Following 
liver therapy the abnormal granulopoietic tissue and the megakaryo- 
penia gradually returns to normal. It is interesting to note that arsenic 
does not affect the pronormoblasts seen in various clinical conditions 
presenting marked erythroid hyperplasia and immaturity. 

The implications are great that the effect of liver extract is one of 
eliminating the pathologic megaloblasts and suppressing their further 
multiplication.® 

The resultant reticulocytosis following arsenic therapy is due to 
the maturation of megaloblasts to reticulated megaloc\i;es, since there 
is no morphologic indication that megaloblasts are maturing to normal 
reticulocytes. Normally following liver therapy in pernicious anemia, 
megaloblasts complete their maturation as reticulated and mature 
megalocytes. The resultant reticuloc;si;osis is composed of reticulated 
megalocytes and normal reticuloc;^i:es. According to Jones® this not 
only indicates the reestablishment of normal er;si;hropoiesis, but also 
that the marrow is being purged of its pathologic red cell series, the 
megaloblasts. 

It is unfortunate that blood cells under embryonic, normal adult 
and pathologic conditions all have their nuclei pass through a pyknotic 
stage* before becoming a reticulocyte. Hence tagging the megalo- 
blasts with arsenic makes it easier to trace cellular maturation which 
were follow^ed with difficulty after liver extract alone. 

The meclianism by w’hich a megaloblastic marrow^ is rapidly trans- 
formed or converted into a normoblastic one is an unsettled question. 
Normal bipolar mitosis does not explain tJie rapid and dramatic con- 
version. Koller®'* has suggested that young multinucleated megaloblast 
cells may subdivide and heteroplastically form a quantity of normo- 
blasts. Since the arsenic-sensitive megaloblasts are not transformed 
into normoblasts, the finding of multipolar mitoses and multinucleated 
erji:hroid®’** cells which are frequently seen in pernicious anemia mar- 
rows may play a role in the rapid conversion to a normoblastic t;vi)e. 

The effect of arsenic on the normoblasts in spheroc;vi;ic jaundice is 
probably the result of the fundamentally abnormal tjqie of er\i:hro- 
poiesis which produced the spheroidoc^^i:es. The toxic action of the 
drug on the er\i:hroid cells in the case of refractor^^ anemia cannot be 
satisfactorily explained. 

Conclusions. 1. The megaloblasts in the bone marrow of patients 
with pernicious anemia during relapse are arsenic sensitive and the 
pronormoblasts as seen in normal bone marrow and in the bone mar- 
row of most cases of anemias witli an er\^hroid immaturity are arsenic 

resistant. 
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2. The “iiver principle” can exert its physiologic effect on the bone 
marrow in pernicious anemia in the presence of a karyorrhectic megalo- 
blastic tissue which presumably is in a poorly functional condition 
due to the toxic effect of arsenic. 

3. The action of the hemopoietic principle is probably to effect tlie 
elimination (maturation) and suppression of the megaloblasts in the 
bone marrow. It is not clear as to how liver extract effects a stimula- 
tion of the normoblastic tissue. It is clear that arsenic has no such effect. 

4. The arsenic serves as a convenient agent to separate the pathologic 
reticulocytes originating from the megaloblasts from those derived 
from normoblasts. When the latter appear, the anemia is corrected. 

It is especially important for the reader to keep evidence separate from deduction in 
this article. The interesting observations might perhaps be brought into line with other 
views as to the role of the raegaloblast in erythrypoiesis. — Editor. 
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A STUDY OF HEMOGLOBIN METABOLISM AND HEMATOLOGY IN 
A CASE OF CONGENITAL HEMOLYTIC JAUNDICE DURING 
(A) CUNICAL CRISIS, (B) REPEATED TRANSFUSIONS, AND 
(C) BEFORE AND AFTER SPLENECTOMY 

By Robert C. Lowe, M.l). 

ASSISTANT PROFESSOR OF MEDICINE 
NEW ORLEANS, LA. 

a'n'w the Departments of Medicine of the Louisiana State University ScliooJ of Medicine 
and the Charity Hospital of Louisiana) 

This case is reported because of the continuous period of studv 
before splenectomy, through the course of a clinical crisis with evi- 
ilenw of hver dysfunction, during repeated blood transfusions, and 



3‘i8 LOWK: flKMOGLOIUN METAHOLISM ANU HEMATOLOCiY 

finally, after splenectomy. Similar studies of hemolytic jaundice 
before and after splenectomy have appeared in the Jiteratiire'-®’^' but 
none covers all these various phases. 

There are several reports of clinical or pathologic evidence of liver 
complications occurring during the course of hemolytic jaundice of 
various types.^-*^*^^ The clinical picture includes: (l) liver enlarge- 
ment; (2) repeated attacks of nausea, vomiting, fever, and progressive 
jaundice, with upper right quadrant pain in the presence or absence 
of gall stones; (3) a direct van den Bergh reaction in the serum, or one 
changing from indirect to direct during the acute episode. The 
pathologic changes observed include: (1) marked enlargement of the 
liver with no histologic reports; (2) a perilobular congestion of char- 
acteristic type; (3) some degree of parench^^Tnal degeneration, vary- 
ing from mild with recovery to severe with terminal acute yellow 
atrophy.- Tlie case reported by Farrar^ showed moderate liver 
degeneration with recovery following splenectomy. The clinical con- 
dition was aggravated by transfusions. They suggest that an acute 
liver failure is one of the pathogenic mechanisms of the clinical crises 
observed in hemolytic anemia. 

The effect of transfusions on the course of blood destruction in sickle 
cell anemia and in congenital hemolytic jaundice has been extensively 
studied by Josephs.® He observed inhibition of the hemolytic process 
with whole blood and plasma transfusions,® as well as with pig plasma.^’ 
Others liave noted the dramatic results from transfusions in the so- 
called Lederer’s acute hemol,^i;ic anemia.^ Transfusions were long 
used as the mainstay in management of acute phases of congenital 
hemolytic anemia also,^**^ but more recently warnings have been pub- 
lished against their use, as liable to aggravate the condition and even 
prove fatal.®’^®’^^ 

There is adequate evidence in the literature for the \’'alue of splenec- 
tomy in congenital hemolytic anemia. However, recent publica- 
tions'* indicate that under certain circumstances splenectomy may 
be of no value in this condition, and the patients die. Some of these 
show a specific type of liver change characterized by perilobular 
congestion. 

Case Report. J. H., white male, 15 3’'ears of age, was admitted to Charitj" 
Hospital of New Orleans (L. S. U. Med. Serv.) 12-10-40, complaining of ano- 
rexia, URQ pain, fever, jaundice, and enlarged spleen. He had apparentl)’' 
had no complaints up to 2 months pre^dousb’’, when he began having chilly 
sensations followed hy malaise and anorexia. Later it was noticed he had 
fever and jaundice. He was nauseated and vomited several times. No abnor- 
mality was noted about the bowel action or the stools. The fever and vom- 
iting continued and pain in the upper right abdomen occurred. He became 
delirious in a few daj^’s. His condition was thought to be due to gall bladder 
disease, and he was taken to a private hospital. On admission, the family 
stated that he had a very low r^ blood count. He continued to have high 
fever and the enlargement of the spleen was noted at this time. He stopped 
vomiting and regained his appetite, but continued to have fever. Following 
5 blood transfusions over the course of his 19-day stay in that hospital he 
improved sufficiently to return home. He remained at home until the present 
admission, feeling well and gaining strength up to 1 week ago, at which time 
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isin of the so-called thermic crises, if they exist divorced from other 
plienomena, is not clear, Ilis description of the abdominal crises fits 
those observed by ourselves and others, and which we feel, in agree- 
ment with Farrar, to be associated with changes in liver function and 
structure and not necessarily with increased blood destruction. Fur- 
ther study is necessary in those instances simulating appendicitis as 
happens in sickle cell anemia. The essential blood crises are the hemo- 
clastic t>i3e producing severe, even fatal anemia. It is possible that 



these various clinical pictures are delineated by predominant manifes- 
tations of essentially the same mechanism. Not enough is known 
about the detailed pathologic physiology of the disease to make any 
definite statement as to the nature of this mechanism. 

A^Tien this patient was first seen he presented a picture of hepatitis 
with splenomegaly. The history and examination of the father who 
was at the bedside immediately suggested congenital hemobdic jaun- 
dice in crisis. This occurrence of hepatitis in hemob>dic anemia has 
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not been sufficiently studied. (The term “hepatitis” is used to 
describe the clinical picture. We have no data on the actual patho- 
logic anatomy.) We have repeatedly observed it in sickle cell anemia. 
Frequently the patient is immediately given a transfusion, as was done 
in this instance, but that spontaneous recovery® from the episode does 
occur is also obvious from the second such attack observed in this case. 
Josephs calls attention to the possibility of confusing spontaneous 
v.ariation with the apparent therapeutic effect of a transfusion.’ 
Gairdner® claimed that recovery was more rapid following transfusion 
than without. 

During the second crisis in this patient we were able to study the 
pigment metabolism and liver function. The marked sudden increase 
of urinary urobilin, rapid increase of bilirubinemia with change of the 
van den Bergh from indirect, through slight to moderate to strong direct 
type, the enlargement and tenderness of the liver, and the diminished 
hippuric acid synthesis as measured by the Quick intravenous test 
suggested diminished liver function. These findings then rapidly 
cleared with no therapeutic attempts. It can be seen from the pig- 
ment and hematologic studies that there was no marked increase of 
blood destruction associated with this series of events. 

The study of hemoglobin metabolism in various blood dyscrasias 
has been given great stimulus by Watson’s studies.”-^® He reviews 
the question of the relationship of urobilinogen excretion to blood 
destruction and liver function, and concludes that alterations of blood 
destruction influence fecal excretion, but that change in liver function 
is the most important factor affecting urobilinogen excretion in the 
urine. 

In our patient, there then followed a progressive rise of blood 
destruction of only moderate degree as measured by pigment excretion. 
Transfusions were begun to study their effect in inhibiting the hemo- 
lytic process. As can be seen from the chart, a preliminary decrease 
in blood destruction followed small transfusions (300 to 350 cc.) first 
of Type IV and then Type II, Following this a very marked increase 
in pigment excretion and a progressive drop in red blood cells, hemo- 
globin, and reticulocytes occurred. During the course of transfusions, 
the patient was continuously febrile. The spleen became progressively 
larger, the liver was tender and enlarged. The van den Bergh was 
sligiitly to moderately direct in type and there was continuous excre- 
tion of urobilin above the normal amounts (0 to 4 mg. normal). There 
was not the degree of alteration that was seen during the acute crisis 
from December 20 to 25, but qualitati\‘ely the changes were similar 
and appeared to differ only in degree. It appears that the retention 
of bilirubin in the body at this time might account for the apparent 
decrease of pigment excretion in the stools, but subsequentlv there 
was a marked increase of pigment in the stools and definite inhibition 
of blood regeneration. It is possible that sequestering and destruc- 
tion of the transfused crythroc>-tes by the spleen and the infarctions 
accounted for the marked increase in the splenomegaly and of pig- 
ment excretion noted. Certainly the 1000 cc. of blood given over a 
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period of 12 days had little effect on the red blood cells and hemoglobin 
level of the peripheral blood. Suppression of bone marrow function 
is likewise evident from the drop in red blood cells, hemoglobin and 
reticulocytes. 

Following splenectomy and massive transfusion, the red blood cells 
and hemoglobin remained at near normal levels. There was a sharp 
febrile reaction postoperatively and the plasma bilirubin was found 
elevated and showing a strong direct reaction. Meulengracht^- has 
mentioned this sharp rise of temperature that occurs after splenec- 
tomy in many such patients, and Eppinger^*^ has called attention to 
the change in the van den Bergh, which he ascribes to liver damage 
due to anesthesia. Possibly the livers of these patients are more 
susceptible to such nocuous influences as anesthetics of certain types. 

The tenderness and enlargement of the liver disappeared rapidly and 
have not recurred in the year since splenectomy. The studies subse- 
quent to splenectomy are illustrated in the chart. 

Summary. 1. A case of congenital hemolytic jaundice is presented 
in which hematologic and pigment studies were carried out through 
the course of a crisis, repeated transfusions, and after splenectomy. 

2. During the crisis certain observations indicated decrease of liver 
function which cleared spontaneously. There was no evidence of 
marked blood destruction. These changes have been observed also 
in certain crises of sickle cell anemia. The findings suggest the theory 
that liver disease may be a factor in the crises of such cases. 

3. Transfusions were followed by a progressive enlargement of the 
spleen. There then occurred a marked increase in blood destruction, 
drop of red blood cells, hemoglobin, and reticuloc^iies. It is probable 
that the transfused red cells were sequestered in the spleen and rapidly 
destroyed, leading to the marked stercobilin excretion. 

4. Splenectomy was followed by a return to normal in the red blood 
cells, hemoglobin, reticulocytes, bilirubinemia, and pigment excretion. 
All clinical symptoms and signs disappeared. 
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THE HEART SIZE AND PULMONARY FINDINGS DURING 
ACUTE CORONARY THROMBOSIS 

By Edavard Massie, M.D. 
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and 

Wallace C. Miller, M.D. 

BOSTON, MASS. 

(From the Department of Medicine. Washington University School of Medicine. 

St. Louis, Mo., and the Departments of- Medicine and Roentgenology , 

Peter Bent Brigham Hospital) 

Discussion in the literature of the incidence of cardiac enlargement 
and the degree of pulmonary congestion during and following coronary 
thrombosis has been based chiefly on the weight of the heart and the 
lung findings at necropsy. A few studies have been made of the effect 
of coronary thrombosis on the size of the heart as determined by 
Roentgen rays. But the infrequency of the Roentgen ray films taken 
in the various series liaA^e not permitted definite conclusion as to the 
presence or absence of cardiac enlargement in the days immediately 
following the coronary accident. A few case reports have been pub- 
lished concerning the development of left ventricular aneurysm folloiv- 
ing myocardial infarction.^ Horine and Weiss^ reported that 20 
patients who had normal sized hearts at the time they experienced a 
coronary thrombosis did not develop roentgenologic evidence of cardiac 
enlargement altliough they were observed subsequent!}^ from 5 months 
to 9| years. However, they reported onl.v initial and final Roentgen 
rays, although in some cases interim. Roentgen ra}^ examinations were 
also made. Palmer,® in a stud}^ of the size of the heart after coronaro- 
thrombosis, found no example of acute dilatation of the heart in 
27 patients examined within a month of the attack. He did find en- 
largement of the heart by Roentgen ray in 64% of 200 patients who 
iiad snr\'ived an attack of coronary thrombosis. About one-third of 
the patients failed to show or to develop enlargement though Avatched 
over periods a\’-eraging more than 3 years following the first attack of 
coronary thrombosis. Other authors^-® have expressed someAvhat dif- 
ferent opinions regarding size of the heart following coronary throm- 
bosis. White® states that the enlargement, chiefly of dilatation of the 
left ventricle, may come on rapidly with cardiac infarction. Fishberg' 
states that the heart is not enlarged above the dimensions present prior 
to the occlusion. HoAvcver, no report has been made in which a serie.s 
of succ^sive Roentgen rays of the heart were taken to discern the 
change in cardiac size which might occur in the days or Aveeks following 
the myocardial infarction. 

Method of Study. The method of teleoroentgenograpln- was used to deter- 
mine the heart size and shape in the patients in this studv. The Roent«-en 
r.ny.yycre taken with the patient in a sitting position. Great care was exer- 
cised in the handling of these patients because of the grawty of tlieir cardiac- 
condition. No untoward occunvnees were encountered in any of the patients 
as a result of this study. The patients were permitted to sit up on the edge 
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of the bed 'without an}" active movement on their part, being given every 
necessar}" support by 2 indi\"iduals during the entire procedure. The Roentgen 
ray tube 'v\"as placed 5 feet away from the patient and the film holder was kept 
in contact with the anterior surface of the chest. The Roentgen ray was taken 
during a phase of quiet respiration since marked changes can be produced in 
the size and shape of the heart by the diaphragmatic movements acconipan}nng 
forced inspiration or expiration. The sitting position was chosen since the 
heart size may be increased in the recumbent position because of an increased 
return of blood to the heart in that position resulting in a physiologic dilata- 
tion.® Likewise the heart shadow ma}" be decreased in the standing posture 
due to decrease in the return of blood to the heart. Furthermore, distortion 
of the heart size and shape by undue elevation of the diaphragm is less likely 
in the sitting than in the recumbent positions. In addition, standing would of 
course be contraindicated by the presence of a myocardial infarction. 

The chief difficulty in the application of roentgenolog}" lies, not in the tech- 
nique, but in the interpretation of the normal limits of heart size, shape, and 
action, and, therefore, in the diagnosis of slight abnormalities. There are so 
many factors (e. p., age, sex, habitus, respiration) resulting in indi'^ddual varia- 
tions within the normal range, that it is at present impossible to recognize them 
all, or to take them all into consideration in the evaluation of size or shape. 
Furthermore, important changes may occur in heart size or shape insufficient 
to produce definite roentgenologic abnormalities at the time of examination, 
but 'which would have been noted if comparative studies had been previously . 
made. ObviousI}" successive records of heart size and shape in the same indi- 
vidual carefully made should be more useful than a single comparison v\ith a 
table of normal av^erages. It is, ho'wev^er, often impossible to possess any 
information about the Roentgen ray findings prior to the onset of trouble in a 
giv"en patient. Certain measurements of heart size are in routine use and are 
of vrnlue. The one employed in this inv^estigation is the cardiothoracic ratio 
which is the ratio of the transv^erse diameter of the heart shadov\" to the internal 
diameter of the chest. Although it admittedly is only fairly reliable as an 
index of cardiac enlargement, it is a simple and useful measure of heart size. 

This study wms made on 16 patients. Each had had attacks of undoubted 
acute myocardial infarction 12 to 60 hours prior to entering the Peter Bent 
Brigham Hospital. As soon after entry as possible (in the majority of casas 
within 24 hours of the acute episode) the initial Roentgen ray vs'as taken in 
the manner already described. Subsequent Roentgen rays were taken vvith 
few unav"oidable exceptions (2 patients died during the 2d week of hospitaliza- 
tion and contact with 2 patients was lost after the 3d and 4th months respec- 
tiv"ely) on the 3d, 5th, 12th and 28th days following admittance to the hospital 
and then at the end of the 3d and 6th months after the coronary accident. 
Figure 1 illustrates the successiv^e Roentgen ray films of Case 13. In addition 
all but 3 of the patients had a roentgenk}Tnogram taken usually on the 28th day 
of hospitalization. A total of 113 Roentgen rays 'u^as studied for this report. 
FurtheiTQore, the patients 'were all follov\"ed carefully clinically v\’ith frequent 
examinations, electrocardiograms, blood pressure readings, blood counts ana 
other pertinent data. The period of obseiwation ov^er w’hieh the patients were 
seen v^aried from 1 'week to 7 months vvith an av^erage for the entire group oi 
4.7 months. If the 2 deaths at the end of the first v\’eek v\’ere omitted, the 
observ"ation ranged from 3 to 7 months with an av"erage of 5.3 months. 

The necessar}" measurements were determined from each Roentgen ra}" ana 
the cardiothoracic ratio calculated. It was decided that a total change of less 
than 1 cm. in the transv^'erse diameter of the heart could be considered to he 
wdthin the limit of Roentgen ray error in this study, considering the difficuity 
in the technique in these v"ery ill patients and the physiolo^c changes m heart 
size occurring among other things v\dth the systolic and diastolic movement.^ 
of the heart. It is true, hov\m"er, that a change of less than 1 cm. when 
accompanied by a change of shape may hav'e considerable significance, but * 
distinct change in shape did not occur in this series. In order to detemme tn 
presence of a significant change in the heart size in the successiv^e Roentgei 
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raj’s of any one individual, the difference in the successive cavdiothoracic ratios 
of each patient was calculated and then it was determined whether these 
differences were equivalent to a change in the transverse diameter of 1 cm, or 
more. Since Roentgen rays prior to the coronary occlusion were not available, 
the size of the heart on the successive Roentgen rays was refen-ed to that on 
the first film. Special attention was paid to the appearance of the lung field.s 
in the successive Roentgen rays to provide information upon the extent of 
pulmonaiy congestion in patients with acute coronaiy occlusion. 

Results. The 16 patients studied present a number of clinical 
features, some of which will be analyzed in tins report. Ten of the 
patients liad had previous attacks of angina pectoris over periods 
varying from 3 weeks to 2 years, while 6 had no previous episodes ol 
precordial or analogous pain. As is usually the case in this condition 
there was a great predominance of males, the ratio being 12 men to 
4 women. The location of the lesion in the heart could be determined 
fairly accurately from the electrocardiogram since the electrocardio- 
graphic changes were quite marked in all the cases. Of the 16 cases, 
12 had anterior myocardial infarctions and in tlie remainder the lesion 
was situated in the posterior wall of the heart. The blood pressures 
of 7 patients were moderately elevated during the first few days of 
hospitalization but all except 2 of these subsequently fell to more 
normal range. Of the entire series, 8 presented enlarged hearts initi- 
ally, 5 were in the upper limits of normal and 3 were definitely normal. 
Six of the roentgenkymograms showed diminution or decrease of the 
normal pulsations along the left border, near the apex. The other 7 
showed no abnormal change. Five complications occurred in the 
entire series. Two patients died from bronchopneumonia and perfora- 
tion of the myocardium respectively; the other three complications 
included an attack of lobar pneumonia, phlebitis of the right and left 
lower extremities with pulmonary infarction, and a right hemiplegia 
subsequent to cerebral embolism. These 3 patients e\’entually 
recovered. 

The lung findings in the Roentgen rays were sufficiently noteworthy 
to attract special attention. Only in 4 of the patients were the pul- 
monary fielfls essentially clear. The remainder showed either a fine or 
coarse diffuse mottling usually in the lower half of the lung fields and 
the liilar regions, or definite cloudiness in one or both of the lung bases. 
The pulmonary congestion, as a rule, was maximum in the first week 
and tended to decrease or disappear in the second week. The Roentgen 
ray photographs of Figure 2 demonstrate the initial evidence of pul- 
monary congestion and the subsequent clearing of the lungs during 
the finst 2 weeks following the coronary accident. Auscultation of the 
lungs during the first week of hospitalization revealed the presence of 
basal rales in only 7 patients in spite of the fact that 12 of them showed 
roentgenologic evidence of pulmonary congestion. In the remaining 
4 patients evidence of }mhnonary involvement was lacking on both 
Roentgen ray and physical examination. It was found necessary to 
give digitalis to 3 patients who had somewhat more evidence of cardiac 
decompensation than the basal rales usually found in patients with 
coronary thrombosis. One of these patients had taken the drug before 
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tlic coronary occlusion and the other 2 required it on the 7th day 
following the accident because of increasing signs of cardiac failure. ' 



Fig. 1. — Se^'en successive Roentgen ray films of Case 13 taken over a period of 0 month.'' 
following the coronar 3 ’’ accident. 


Eight patients showed no significant change in heart size in any of 
their films, while 8 others did show a significant increase or decrease 
in one or more of their Roentgen rays following the coronary occlusion. 
Table 1 shows the details of the changes in all the Roentgen rays of the 
series. Table 2 summarizes only those Roentgen rays which showed 
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a significant change (increase or decrease of 1 cm. or more) in the 
transverse cardiac diameter. In all the calculations, measurements 
taken on subsequent films were referred to those of the initial Roent- 
gen ray which was used thus in the manner of a base line. The question 
arises as to what change, if any, occurred during the time elapsing 
between the onset of the cardiac accident and the time the first Roent- 
gen ray was taken, but tlie data of this study do not give anj'^ informa- 
tion on this subject. It is noteworthy that 4 of the 8 patients included 
in Table 2 showed a significant change in only an isolated Roentgen 
ray and in 3 it was a decrease and in the other an increase. In con- 



2.— Roentgen ray films of Case 6 taken during the first 2 weeks following the 
ooronno' thrombosis. Note the progressive clearing of the pulmonary congestion. 


trust, Case 16 presented a definite but temporary increase of 2.-3 cm. 
on the 3d day and tlien reversion to the original size until the 4th month 
when the fifth Roentgen ray showed a decrease of 1.6 cm. Case I 
presented no change in heart size until after 1 month when the fifth 
Roentgen ray showed a decrease of 2.4 cm. and this was maintained 
to a lesser degree during the rest of tlie observation period. In onlv 
2 patients was there a change on the second film which was subse- 
quently maintained, and it is notable that in 1 of these patients (Case 3) 
Jt was an increase of 2 cm. wliicli gradually progressed to 2.9 cm. at 
the end of 6 months. In contra.st. in the other patient (Case 5), the 
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change was a decrease of 1 cm. which progressed to 2 cm. in 1§ months 
and later regressed to 1.2 cm. Summarizing these changes in cardiac 
measurements it is quite evident that there was no consistent difference 
in heart size in this study. Eight of the patients showed no impressive 
change in any of their entire series of films. Of the other 8 patients 
showing a significant change in cardiac size, 3 presented an increase 
in size in one or more films, and 5 a decrease in size in one or more films. 
In the important first 2 weeks following the coronary accident, only 
4 cases had a change in cardiac measurements and in 2 they were 
increased while in the other 2 they were decreased. 


Table 1.— Change in Size (in Cm.) of Cohbected Transverse Cardiac 
Diameter Compared to First Roentgen Ray Film 
« Number of film 


No. 

2d 

3d 

4th 

oth 

6th 

7th 

1 . 

A . -fO.2 

0 

^0-9 

-2.4 

-1.2 

-1.0 

2 

- 0.9 

-0.3 

-0.7 

-1.4 

0 

-0.1 

3 

. . -f2.0 

+2.1 

+ 0.9 

+2.6 

+2.7 

+2.9 

5 . 

-10 

-1.1 

-1.0 

-2.0 

-1.0 

-I 2 

0 

. +0 7 

+ 0 4 

+0.1 

-0 5 

-1 2 

-0 4 

7 . 

-1.7 

-0.9 





S 

+0.9 

+ 0.5 

+ 0.5 

+ 0 4 



9 . 

. . -0.3 

+0 2 

+0.1 

+0.1 

+0.2 

+0 2 

10 . 

. . 0 

-0 5 

+ 0.3 

+ 0.2 

0 

-0.9 

11 . 

. +0.1 

+ 0.2 

0 

-0.7 

-0.4 

-0.3 

12 . 

. . -0.9 

+0.6 





13 . 

. . +0 1 

-0.1 

+0 3 

+0 3 

+0.8 

+0.3 

14 

. . 0 

+0.1 

-0.2 

-0.1 

+0.2 

+ 0.1 

15 . 

. . +0.S 

-0.6 

0 

+0 2 

+ 0-6 


16 , 

. . +2 3 

-0 1 

+0.7 


-1.6 



Table 2. —Cases Showing Significant Change in Heart Size in One 



i OR More Films 

Change in size (cm.) of 
corrected transverse 
cardiac diameter 

also 

Time after attack 

compared to fii^t 

No. 

* lioentgen ray taken 

Roentgen ray 

1 . . 

1 mo. 

-2 4 


3 mos. 

-1 2 


6 mos. 

-1,0 

2 ^ 

1 mo. 

-1.4 

3 . . . 

3 days 

+2.0 


5 days 

+2.1 


1.5 mos. 

+2.5 


3 mos. 

+2.7 


6 mos. 

+2 9 


3 mos. 

+ 1 1 

5 . 

3 days 

-1 0 


5 days 

-1 1 


12 days 

-I 0 


1.0 mos. 

-2 0 


3 mos. 

-1 0 


6 mos. 

-1.2 

6 . , . 

3 mos. 

-1 2 

7 . 

3 days 

-1.7 

16 . . . 

3 days 

+2.3 


4 mos. 

-1.0 


An attempt was made to see if there were an\- features aljoiit the 
patients which could be correlated with the presence or absence of an 
increase or decrease in heart size. It is interesting^that at! hut 
the 8 cases with significant change included the first 7 patient stuclie 
in the series; this might tend to suggest the faet that the techn.qne of 
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taking the Roentgen rays was improved as the study was continued. 
However, since no change was made in the technique it is much more 
likely that this occurrence is merely a coincidence. Table 3 cornpares 
the essential features of the cases which experienced a significant 
increase or decrease in cardiac measurements with those of the other 
patients. Considering the small number of cases in each series, how- 
ever, it is impossible to state that the differences indicated in these 
tables point to any significant feature or features which cliaracterize 
patients wlio show an increase or decrease in cardiac size following 
coronary tlirombosis. Nevertheless, one point does attract attention 
and tliat is the occurrence of complications. Five complications were 
met with in the entire series and 4 of these, namelj^ lobar pneumonia 
(Case 3), hemij^legia with cerebral embolus (Case 4), broncliopneu- 


Taelk 3.— Changes in Transverse Cardiac Diameter 


Sex 

Males 

Patients 

with 

sipnificanl 

change 

7 

Patients 

without 

significant 

change 

5 


Females 

1 

3 

Ace 

Range 

40-G3 yrs. 

44-GS yrs. 


Average 

5LS yrs. 

GO.l yrs. 

Lofation of infarction 

Anterior 

5 

7 

(from elect rocardio- 

Posterior 

3 

1 

Krani) 

Fever 

Present 

S 

7 


Absent 

0 

1 

Leukocytosis 

present 

7 

7 

Absent- 

1 

1 

Hours after attack 1st 

Range 

12-60 Jir.s, 

20-48 hrs. 

RocntKcn ray taken 

Average 

35.5 hrs. 

32.5 hrs. 

Heart size on 1st Roent- 

Normal upper limit 

1 

2 

gen ray 

Normal 

3 

2 


Enlarged 

4 

4 

Chance in roontpeu- 

Present 

4 

2 

kymoprniu 

Absent 

3 

4 

Lunps 

Rfiles on phys. exam. 

2 

5 


Cloudiness on Roentgen ray 

7 

5 

Blood pressure 

Elevated on admission 

2 

5 


Elevated subsequently 

0 

2 

Dipitalis administration .... 

2 

1 

Complications 


4 

1 

Period of observation 

Range 

1 wk.-7 mos. 

1 \vk,-G mos, 


Average 

5.1 mos. 

4.5 mos. 


monia followed by death after 1 week (Case 7), and pulmonary infarc- 
tion with plilebitis in both lower e.xtremities (Case 16), occurred in 
patients with change in heart size. Only one complication, death from 
perforation of the myocardium, apj)eared in the other group of cases 
but .since exitus in this patient occurred at the end of the 1st week, it is 
possible that .succeeding films might have shown change in the cardiac 
measurements. It is also interesting that 2 of the patients who 
received digitalis presented significant change in cardiac size, but in 
both cases digitalis was started on the 7th day following the coronary 
accident and there ajipeared to be no definite chronologic relationship 
between the beginning of digitalis administration and the occurrence 
oi the change in measurement.s. The third patient to receive digitalis 
dui not .show any difierenee in cardiac measurements but in this ca.se 



360 ^L\SSIE, MILLKU: HEAUT SIZE ^VND PULMONARY FINDINGS 

digitalis had been given in 0.1 gm. doses before the accident and it was 
continued at the same schedule following it. Aside from the complica- 
tions already mentioned^ it did appear that the patients with a sig- 
nificant increase or decrease in heart size were somewhat more ill as a 
group than the others. Pain and fever lasted longer in these patients, 
blood pressure readings following the attack fell to somewhat lower 
levels in the neighborhood of 90 to 110 mm. systolic and in 1 case 
severe attacks of angina pectoris persisted although they had been 
present for only 3 weeks prior to the acute episode. The only audible 
friction rub present in the entire series also belonged to a member of 
this group. 

Summary. 1. The change in heart size in 16 patients following 
unequivocal acute coronary thrombosis was studied by teleoroentgeno- 
grams taken over periods extending from 12 hours to 7 months follow- 
ing the acute attack. 

2. No consistent change in cardiac size or shape was noted in this 
study. Eight of the patients showed no change in any of their entire 
series of films. Each of 4 other patients presented onl}’’ one film witli 
cardiac measurements significantly different from the others of their 
respective series and these were taken at greatly varying intervals 
(3 days to 3 months) after tlie attack witli both increasing and decreas- 
ing measurements occurring. It is noteworthy that in the important 
first 2 weeks following the acute accident only 4 cases of the entire series 
had a change in cardiac measurements and in 2 they were increased 
while in the other 2 they were decreased. 

3. It is impossible to state from this study that there is an}^ sig- 
nificant feature which characterized the 8 patients who showed a 
change in cardiac size following coronary thrombosis. Nevertheless, 
the more frequent occurrence of complications within this group 
attracts attention. Aside from these complications it appeared that 
the patients with significant change in cardiac size were somewhat 
more ill than tlie others. 

4. The findings in the Roentgen ray films of pulmonary congestion 
in the 1st and 2d weeks following the coronar^^ accident were especially 
noteworthy. Twelve patients showed roentgenologic evidence of such 
pulmonary involvement, whereas in only 7 of these did auscultation 
reveal the presence of basal rales. In 4 patients evidence of pulmonary 
congestion was lacking on both Roentgen ray and physical examination. 

The authors wish to express their appreciation to Dr. S. A. Leinne and Dr, M. C. 
Sosman for their valuable advice and criticism. 
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A CASE OF IVLYOCARDIAL INFARCTION MASKED BY BUNDLE 
BRANCH BLOCK BUT REVEALED BY OCCASIONAL 
PREMATURE VENTRICULAR BEATS 

By William Dressler, M.D. 

BBOOKL'SN, N. Y. 

(From the Electrocardiographic Laboratory of the Israel Zion Hospital) 

The electrocardiographic signs of mj'^ocardial infarction are often 
obscured by intraventricular conduction disorders of high degree, 
especially by left bundle branch block.^ In the following report a case 
is cited in which myocardial infarction associated with left bundle 
branch block was indicated in the electrocardiogram (E.C.G.) by 
ventricular premature beats, while the regular beats failed to display 
significant changes. 

Case Report. E.S., a white male, aged 79, was admitted to the hospital on 
September 20, 1942. For 6 years he had suffered from pain in the chest on 
walking fast, especially on cold and windy days. The pain was relieved by 
nitroglycerine. Four days prior to admission the patient was seized by severe 
precordial pain and a choking sensation lasting about a half hour. Similar 
attacks came repeatedly and required the administration of morphine. 



Fio. L—Thc complexes of the basic rhythm display the features of left bundle branch 
block. The 4th and hth beats in Lead III are premature* followed by compensatory 
pauses; they have no P waves and are apparently of ventricular origin^ Their shape is 
different from that of the rej:ular beats, the broad Q wave preceding the R wave, an 
S'-T segment is elevated and the T-wave inverted. Those are tiie features usually dis* 
played by normal beats in the presence of myocardial infarction of posterior site. 


The temperature rose on the day of admission to 101“ F.; the sedimentation 
rate (Westergren) was 39 mm. on September 24, 1942. E.C.G. e.vamination 
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on September 22 and 28, 1942, revealed the signs of left bundle branch block 
but no significant changes suggestive of myocardial infarction. In a tracing 
taken October 2, 1942 (Fig. 1), 2 premature beats were observed in Ltead III, 
apparently of ventricular origin. They had no P waves and were followed by 
compensatory pauses. Their shape differed from that of the regular beats, 
and were unusual for premature beats of ventricular origin. An R wave of 
moderate size was preceded by a broad Q wave of the same voltage. The 
duration of QRS was 0.12 sec. The S~T segment was elevated and the T wave 
inverted. Thus, the premature ventricular beats displayed features which 
are usually shown by regular beats in the presence of myocardial infarction of 
the posterior wall. 

A diagnosis of coronary arteriosclerosis and infarction of the posterior 
surface of the left ventricle was made. The patient expired on October 5, 1942. 

Postmortem examination revealed marked arteriosclerosis of the coronary 
arteries and recent thrombotic occlusion of the right circumflex branch about 
4 cm. distant from its origin. There was an extensive recent infarction invohnng 
the posterior portion of the interventricular septum and the entire posterior 
wall of the right ventricle. In addition, numerous fibrous scars were found in 
the anterior and posterior walls of the left ventricle. 

Excitations produced by a ventricular focus as a rule activate first 
the ventricle in which they originate and then spread through the 
interventricular septum to the other ventricle. Thus the contraction 
of the contralateral ventricle is delayed, as happens in bundle brahch 
block. In fact the E.C.G. of premature ventricular beats resembles 
a great deal the tracing obtained in the presence of contralateral 
bundle branch block. However, there are exceptions. Occasionall.y, 
premature ventricular beats originate from a focus which is so located 
that the excitation wave may activate the two ventricles in approxi- 
mately normal sequence. Then the tracing of the premature beats 
resembles normal complexes.^ This may even happen Avhen the regular 
beats display the features of bundle branch block. 

In the presence of bundle branch block there is still another mech- 
anism which may produce normal complexes in premature beats of 
ventricular origin. When, for instance, in the presence of left bundle 
branch block, premature beats originate in the left A^entricle late m 
diastole at the time when the normal sinus excitation is due in the 
ventricles, the opposed effects of the dextrocardiogram (due to the 
normal excitation) and levocardiogram (due to the premature excita- 
tion) may combine to result in an approximate!}" normal ventricular 
complex.^ Such a mechanism was apparently not responsible in our 
case because the activation of the ventricles by the premature excita- 
tion was completed before the regular sinus excitation was due in the 
ventricles. The premature beats in our case were of the “ intermediate 
t}"pe,” that is, due to excitations w"hich, because of the suitable site 
of the ventricular focus, activated the tv^o ventricles in approximately 
normal sequence. Therefore the premature beats displayed the features 
of normal sino-auricular beats characteristically changed by the 
presence of myocardial infarction of posterior site. 

Summary. A case is reported in which myocardial infarction was 
associated writh left bundle branch block. Significant E.C.G. changes 
suggestive of myocardial infarction were absent in the regular beats 
but were displayed by premature beats of ventricular origin. 
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SACCULAR ANEURYSM OF THE ABDOMINAL AORTA 

REPORT OF A CASE WITH TERMINAL AHTJRIA AND RUPTURE 
INTO THE DUODENUM 

By E. S. Howland, M.D. 

AND 

B. E. Sprofkin, M.D. 

NASHVILLE, TENN. 

(From the Department of Medicine, Vanderbilt University School of Medicine) 

The infrequency with which one encounters saccular aneurysm of 
the abdominal aorta has been repeatedly emphasized. Kampmeier’s" 
report (1936) of 73 cases from New Orleans brought the published 
cases to 386. In 1939 Lipschutz and Chodoff^® reported 2 eases of 
their own and collected 41 additional cases from the literature. Since 
then Bigger- (1940) reported 2 cases in which surgical measures were 
employed, with success in one instance; Kommerell and Roemheld*® 
rejiorted 2 observed during 5 years in Berlin; Huberry and Pollack® 
collected 48 cases in the Cook County Hospital records from 1926 to 
1940. Allen^ (1940) described 2 producing urologic symptoms; in 
1941 Jennings^® added 4 cases and Uhle^® cited 4 masquerading as 
primary genito-urinary disease; Eliason and McNamee^ in 1942 
reported 24 cases seen at Philadelphia General Hospital in a 10 year 
period. In addition there have been 4 single case reports comprising 
90 cases since 1939 to which we are adding one described in detail. 
The addition of these 91 cases to the 429 listed by Lipschutz and 
Chodoff brings the present tabulation (up to December 1942) to 
520 cases. 

In the records of the Vanderbilt University Hospital since 1925 we 
have found no previous cases of saccular aneurysm of the abdominal 
aorta in 2796 necropsies and 22,040 medical admissions. 

Case Report. A white salesman, aged 59, was admitted to the medical 
wards on September 25, 1942, complaining of left upper quadrant pain of 
0 weeks duration. He had enjoyed good health until July 1, 1942, when he 
suddenly experienced chills, fever, and pleuritic pain in the right chest. He 
entered a hospital where a diagnosis of pneumonia was made. Recoven' fol- 
lowed chemotherapy and he was discharged after 10 davs. He then felt well 
until 6 weeks before his admission here when he noted the abrupt onset of 
jiain in the left hypochondrium, which was sometimes sharp and at other times 
eramp-like, and usually radiated toward the navel. The pain was entirely 
unrelated to meals or bodily movements and was not relieved by soda. Al- 
though not progressive, it bad been persistent and at times was severe, requir- 
mg ccKleine for relief. On a few occasions he had vomited small amounts of 
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undigested food, but there had been no hematemesis. There had also been 
no change in bowel habits and no history of tarry stools. In the 3 months 
preceding admission he had lost 35 .pounds. He had had gonorrhea 20 years 
pre^^ously but sj’philis was denied. The remainder of the history was non- 
contributor3^ 

Physical Examination, The patient showed moderate weight loss and com- 
plained frequently of abdominal pain. His temperature was 99.6° F., pulse 80, 
respirations 30, and blood pressure 184/106 mm, Hg. The ocular fundi revealed 
e\ddence of arteriolosclerosis with slight arteriovenous compression. The chest 
w^as eniphysematous but apparently clear. The heart Avas not enlarged to 
percussion, and there were no muiTnurs. The aortic second sound w’as accen- 
tuated. Pulsations of the peripheral vessels wxre equal and synchronous. 
There was diffuse abdominal tenderness and voluntarj^ rigidity. The liver 
edge wns barely palpable below' the right costal margin on inspiration. No 
other \iscera or masses wnre felt. There wns no penile scar. The remainder 
of the physical examination wns not remarkable. 

Laboratory Examination. Hematologic studies revealed: 4.76 million red 
blood cells per c.mm.; hemoglobin, 13.9 gm. per 100 cc,; Avhite cell count, 
14,250 per c.mm. with a normal differential. The urine appeared clear with 
a specific gra\ity of 1.018, acid reaction, a 3+ albumin, and one granular 
cast as w'eU as 3 w'hite cells and an occasional red blood cell per high-pow'er 
field. The stool wns negative for occult blood, and no parasites wnre found. 
The non-protein nitrogen wns 34 mg. per 100 cc. The blood Kahn wns posi- 
tive on tw'o occasions and negative on a third; the Wassermann reaction wns 
repeatedly negative. 

Course in the Hospital. At first it wns generally thought that this patient 
had a carcinoma of the stomach. Roentgenographic examination of the entire 
gastro-intestinal tract revealed no defect. The chest film w'as essentially 
negative. The electrocardiogram indicated a normal mechanism. His course 
remained unchanged for a few' da 3 ^s, although frequent administrations of 
codeine w'ere necessar 3 ’' to a\\a.y his pain. The albuminuria continued. Phenol- 
sulfonphthalein excretion in 2 hours w'as 40 %. Maximum concentration with 
the Fishberg test w^as 1.023. Urine culture w’as positive for S. albus and a 
non-hemotytic streptococcus, which were not considered significant. 

On October 3, 1942 the abdominal pain became much more severe, and he 
had a chill w'ith fever (103.8° F.). His w'hite ceil count w'as then 20,250. 
Chills and fever recurred on each of the following 2 daj^s. He vomited fre- 
quentty. No adequate explanation for these manifestations w'as apparent. 

A plain film of the abdomen on October 3 revealed no abnormality. On 
October 4 treatment with sulfathiazole w^as begun. The initial dose w*as 
4 gm. with a maintenance dose of 1 gm. eveiy 4 hours. The follow’ing day 
sulfadiazine w’as substituted because of increased nausea and vomiting. 

On October 6 he did not void. With the thought that the anuria had 
resulted from chemotherapy', the drug was discontinued. The next day 
catheters passed to both renal pelves revealed no obstruction. Fifteen cc.^ of 
highly' colored urine, obtained from the bladder, show'ed no sulfonamide 
cry'stals. There w'as no urine in the pelves, and water injected through the 
catheters returned clear. Parenteral fluids w'ere forced, but they' only' pro- 
duced peripheral edema. The non-protein nitrogen rose to 84 mg. per 100 cc. 
on October 7. On October 8 he w'as given 50 cc. of 50% dextrose intraven- 
ously', but the anuria persisted although the non-protein nitrogen had not 
increased significantly'. On that day' a lumbar puncture revealed clear spinal 
fluid under normal pressine w'ith a negative Wassermann reaction. 

At 1 A.M. on October 9, his 14th hospital day', he suddenly w’ent into shock: 

He was semi-comatose, cold, perspiiing profusely', had an ashen pallor, and 
his pulse W'as thready'. Transfusion w’ith 500 cc. of w'hole blood was follow'ed 
bv 5ight and temporaiy improvement. He then became progressively w'orse 
and" died at^.30 a.m. about 72 hours after the onset of anuria. 
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Pathologic Findings (Dr. J. Harry Duncan) : Saccular aneui^sm of the 
abdominal aorta with thrombus foimation. Compression of the left renal 
vein and inferior vena cava. Rupture into the third portion of the duodenum. 

Gross Examination. There was about 150, cc. of blood-tinged fluid m the 
peritoneal cavity. The duodenum and jejunum were slightly distended, and 
there was a hemorrhagic discoloration with an extremelj'’ dark red line at their 



Fxg.^ 1 a.— A orta opened posteriorly sho\ring the aneurj^sm -VN’ith thrombus in situ 
and orifices of (A) ccliac axis. (B) superior mesenteric artery, and (O inferior mesenteric 
arter>\ Orifices of renal arteries are concealed by the thrombus. 

Fig. IB. —Closer view of the aneurj-sm as pictured in Figure lA. 

junction with the mesentery. The iieum and large bowel did not show this 
change. Upon superficial exannnation the abdominal \iscera appeared other- 
wise normal. The ascending portion of the aorta was slightly roughened and 
irregular and contained a few atheromatous plaques, but there was no asso- 
ciated longitudinal UTinkling or puckering. 

The aorta was opened posteriorly revealing a large orifice, measuring 4 x 
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3 cm., in the anterior surface just below the celiac axis at the level of the su- 
perior mesenteric artei^’’ (Fig. 1). The edges of this opening were gray in color 
md very friable. Adjacent to this were numerous soft yellow plaques var\'- 
ing considerably in size and shape and containing several areas of ulceration. 
The entrance to the superior mesenteric arteiy was situated on the superior 
rnargin of this opening and was markedly distorted, presumably due to lateral 
dilatation of the aortic wall. The orifices of the renal arteries could not be 
found in the aorta. The foramen described above led into an irregular saccular 
dilatation measuring approximately 8x9x6 cm. In its right antero-lateral 
portion was a well-laminated pink-gra}’^ clot, firmlj'- adherent to the wall and 
covering the orifice of the right renal artery’-, into which it extended for a dis- 
tance of 1 to 2 cm. The orifice of the left renal arterj’’ was situated on the 
antero-superior margin of the sac wall and was substantial!}^ distorted and 
narrowed due to dilatation of the wall but contained no thrombus. There 
was a hemorrhagic nodular protuberance into the left side of the inferior 
vena cava, but the wall was intact. A perforation in the right antero-inferior 
margin of this sac communicated with a false pocket bounded posteriorly by 
the sac wall and antero-superiorly by the third portion of the duodenum where 



Fig. 2. — Anterior view of the aneurj^smal sac and related structures. (A) Hematoma 
wdthin posterior duodenal wall, (B) site of rupture, (C) anterior wall of aneurj'sm. 


on the posterior wall there was a submucosal hematoma measuring 5 x 1.5 cm. 
(Fig. 2) . The clot was firm, elevated, and well demarcated from the surround- 
ing tissues and divided in its middle by a transverse groove. On the apex of 
the more distal elevation was a mucosal perforation 0.5 x 0.3 cm. There were 
no other areas of ulceration. The entire intestinal tract as far dotyn as the 
sigmoid colon contained a cast of clotted blood with the marks of the intestinal 
folds imprinted upon it. The pancreas was rather firmly adherent about its 
head to the posterior wall of the aneutysmal sac but was otherwise not 
able. Grossly the kidneys appeared normal. Both ureters were slighti} 
dilated, but there were no mucosal lesions. The urinar}' bladder was not 

remarkable. r fi p 

Microscopic Examin.\tion. (Since it was not possible to perform tne 
necropsy until about 25 hours after death, there was a moderate amount oi 
postmortem autolysis.) ^ 

Aorta, Sections taken at various levels, especially at the site of tne 
vsra. revealed extensive atherosclerosis. The vasa vasorum exhibited marKea 
hvaline thickening. jN'owhere were there areas of necrosis in the media or 
pWivascular accumulations of chronic inflammator}^ cells in the adventitia as 
e^^dence of a sxqihilitic aortitis. 
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that there was suflScient blood flow for their nutrition but not for the 
maintenance of glomerular filtration pressure. The gross dilatation 
of the ureters and the generalized tubular dilatation might represent 
a partial ureteral obstruction due to compression by the aneurysm. 
The bacteria isolated from the voided urine specimen presumably 
came from the prostatic urethra, in view of the abscesses noted in the 
prostate and the absence of any pathologic evidence of renal infection. 

There seems to be no plausible explanation for the chills, fever, and 
leukocytosis which occurred on his 7th, 8th, and 9th hospital days. 
In a case described by Held and Goldbloom^ the repetition of chills 
and high fever also constituted a puzzling feature. An explanation 
which they offered was that the aorta perforated so slowly as to give 
rise to an infectious periarteritis with a localized hematoma. In our 
case it seems conceivable that a slow leakage of blood from the aneu- 
rysm into the gastro-intestinal tract might have led to the febrile 
reaction. 

The abdominal pain of which the patient frequently’’ complained may 
have been the result of two factors: (1) stretching the aorta, causing 
stimulation of autonomic pain fibers; and (2) the distortion and conse- 
quent obstruction of the orifice of the superior mesenteric artery, which 
could produce the syndrome of mesenteric vascular thrombosis.^^ 

It is obvious that this patient did not present all the classical sy-^mp- 
toms and signs of saccular aneury’’sm of the abdominal aorta. There 
was no palpable, pulsating abdominal mass with an associated thrill and 
bruit. Such suggestive roentgenologic signs as erosion of the lumbar 
vertebrae, a soft tissue mass, calcification in the wall of the aneurysmal 
sac, and displacement of viscera w^ere not evident. Examination of 
the lumbar spine at necropsy’’ revealed no erosion of the vertebra! 
bodies. 

Although sy'philis is believed to be the most frequent cause of aortic 
aneury^sm, and especially of saccular aneury^sm, it is conceded that in 
the older age groups arteriosclerotic changes play^ a significant role 
in the etiology. Despite the equivocal results with the Kahn test, the 
absence of evidence of sy^philis in the pathologic findings indicates that 
the aneurysm in oitr case was the result of arteriosclerosis. 

Aneury’'sms of the abdominal aorta most commonly ruptiure retro- 
peritoneally’. Rupture into the gastro-intestinal tract is a rare occur- 
rence. Since these aneury’’sms occur most frequently in the upper 
segment near the celiac axis, the duodenum is the usual site of perfora- 
tion, Kampmeier reported 10 cases of this type including one of his 
own. We have since been able to collect 4 additional cases from the 
literature. This report brings to 15 the total number of^ cases of 
aneury'sm of the abdominal aorta with rupture into the gastro-intestinal 

tract. . . . 

That this condition may mimic primary^ urologic disuse, sucn as 
perinephric abscess, nephrolithiasis, and pyelonephritis, has been 
shown by Allen, Duchanoff,* Rusche and Bacon,'^ and Uhle. Hon* 
man' has recently described a case wherein compression ol 
renal artery by the aneurysm was associated with a hjTiertension which 
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he attributed to renal ischemia, comparable to that produced in 
Goldblatt’s experimental animals. James** has reported a case of 
uremia associated with a saccular aneurysm of the abdominal aorta 
of 4 years duration. At autopsy there was marked bilateral renal 
atrophy apparently due to pressure on the renal arteries and ureters 
by the aneurysm, although this patient had not been anuric. Our 
search of the literature has disclosed no previous instance in which 
aneurysm of the abdominal aorta has resulted in anuria. 

Summary. The recent literature relating to saccular aneurysm of 
the abdominal aorta (520 cases) has been reviewed with especial refer- 
ence to cases with rupture into the intestinal tract (15 cases) and 
those associated with symptoms suggesting urologic disease. 

A case, apparently of arteriosclerotic origin, is presented in which 
there was both anuria of 3 days duration and rupture of the aneurysm 
into the duodenum as a terminal event. 
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SURVEY OF PROTOZOAN INFECTION OF THE STAFF OF A 
LARGE GENERAL HOSPITAL 

By Maurice M. Rothman, M.D. 

PHILADELPHIA. Pa. 

AND 

Marion Laskey, A.B. 

PITTSBURGH, PA. 

(From the Department of Gastro-cnterologj', Hospital of the University of Pennsylvania 
and the Department of Biolog>’, Pennsylvania College for Women) 

'I'liE results of surveys for the intestinal protozoan infections among 
hospital staffs have, as far as we know, never been published. Tsuchiya 
and Jcani (1940), in reporting the protozoan infection among freshman 
medical and dental students, mention that they made a survey of 
nurses, internes, attendants, and food handlers, but, at that time, 
published no resxdts. For this rcuson, it was felt that a record of our 
survey on nurses, porters, members of the business office and others 
of the Graduate TIosj)ital, I niversity of Pennsylvania, might prove of 
referenee vahie. 
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^ Material and Methods. Stool examinations Avere made on wet prepara- 
tions, both in saline and in LugoFs iodine solutions, and on slides stained with 
Heidenhain^s iron hematoxylin. At least 10 minutes each w^ere spent in the 
examination of w^et preparations and of the stained slides. Arrangements w^ere 
made so that not more than 7 fresh specimens w^ere submitted for examination 
in 1 day. Saline and Lugol stained smears were examined independently by 
both of us and the findings w^ere combined to give the final total. For the most 
part, the stools had been passed less than 24 hours prior to examination. A 
freshly passed stool, hoAvever, is not necessaril}^ a freshl}^ formed stool, and 
trophozoites do not necessarily survive in constipated stools. 

In computing our results, no infection was attributed to a particular species 
unless it could be verified on the stained slide. Exceptions to this w*ere cj^sts 
of Endmnoeha coli and Giardia, w’hich it Avas felt could be definitel}’’ deteimined 
in fresh material. Thus, although we found 136 protozoan infections, as a 
result of examination of both fresh and stained preparations, the species of 
only 114 of these could be positively identified. 

Results. A total of 306 persons was examined. The following table 
records the incidence of infection among the group as a whole. The 
data are self-explanatory, and the incidence of infection is not unusual. 


Table 1. — Incidence of Infection Among the Group as a Whole* 



No. of 

Infection 


infections 

(%) 

Total positive cases 

. . 136 

44.4 

Total identified cases 

114 

37.2 

Endamceha coli 

53 

17 3 

EndoHmax nana 

30 

12 7 

Giardia lainhlia 

31 

10 1 

Endamaiha histolytica 

11 

3.G 

Dientanioeba fragilis 

7 

2 3 

Jodamceba bufschlii 

2 

0.7 

Chilomastix viesnili 

2 

0.7 

Enteromonas homini^ 

1 

0.3 

Double infections 

IS 

6.2 

G. lamblia and E. coli . 

0 

2 0 

E. nana and E. coli 

5 

1.6 

G, lamblia and E. nana 

4 

1.3 

E. histolytica and E. naiia 

2 

; 0.7 

E, histolytica and E. coli 

1 

0..S 

Triple infections .... 

7 

2-3 

E, nanOy E. coli and D. fragilis 

3 

1.0 

E. nanay E. coli and E. histolytica 

1 

0.3 

E, nana, E. coli and C. viesnili 

1 

0 3 

E, nana, E. histolytica and D. fragilis 

1 

0 3 

E, nana, E. coli and G. lamblia 

1 

0.3 


* These numbers in each group represent only a portion of the persons employed b> 
the hospital, since it was impossible to obtain the cooperation of the entire staff Jn 
submitting specimens. There was most difficulty with such groups as heads of depart- 
ments, superintendents, internes and laboratory and social service personnel. 


Each individual in the series submitted information concerning his 
extent of travel, past medical history, and present symptoms, if any* 
General good health was almost universally reported. Thus, the 
authors feel that symptoms may have been withheld, and that not 
much weight could be placed on the information presented. It was 
found that the extent of travel of the individuals examined had no 


effect on the incidence of infection. . rr? • r 

An attempt was also made to determine the relative efficiency oi 
wet preparations in contrast to stained slides. A comparison of the 
results obtained is of interest. A total of 9.3 infections were found on 
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the stained slides (M.L.), and 125 infections on fresh preparations. 
In the case of E, coU, where at times cysts may be scarce, an infec- 
tion may be picked up in the fresh preparation which cannot later 
be found on stained slides. In our study, 23 infections of E. coli were 
found in wet preparations. On the other hand, E. Mdolyiica, Endo- 
liviax nana, and Dieniamoeba (the last of which can be identified only 
with certainty as an “amoeba trophozoite” in fresh preparations) 
were picked up several times on stained slides only; while 4 infections 
of E. Imiolyiica, 5 of Endolimax nana, and 1 of Dientamoeba. Giardia 
identification benefited from both methods; 3 were seen in wet 
preparations which were not found on the stained slides, while the 
stained method revealed 4 infections missed on the wet preparations. 

Incidence of infection was recorded for the two principal race groups: 
negro and white. The incidence (Table 2) is somewhat higher for the 
whites, but not significantly so. 


Table 2.— Incidence of Infection in Negroes and Whites 



No. of 

No. of 



individuals 

positive 

Infection 

Race 

examined 

cases 

% 

Negro 

93 

31 

33 3 

White 

213 

S3 

38 3 


Incidence of infection was also determined for the different occupa- 
tional groups (Table 3). Most remarkable is the rather high incidence 
for the record room and business office. 


Table 3.— Incidence of Infection in Occupational Groups 

Porterii, 

orderlies Record room 



Ntirses 

Dietary 

dept. 

Nurse’s aid 
and maids 

and elevator and business 
operators office 

Ituiividuuis oxamined 

81 

61 

55 

47 

40 

Positive eases .... 

30 

15 

20 

15 

23 

% infection 

. 37.0 

24 6 

36.3 . 

31.9 

57 5 

Cases of E* coli 

17 

4 

12 

11 

4 

Cases of E. nana 

9 

7 

7 

2 

9 

Cases of Giardia 

4 

5 

1 

4 

11 

Cases of E. histolytica 

4 

1 

1 

2 

2 

Cases of Dicntamaha 

Cases of Jodamochn 

3 


2 

1 


2 

Cases of Chilomastix 

Cases of Entcromonos 

1 


1 


1 

Double infection 

3 

2 

1 

4 

o 

Triple infection 

3 

. . 

*1 

2 


Summary. 1. Intestinal protozoan infection of 3UG hospital .staff 
members was found to he 44.4% (total identified protozoa, 37.2%; 
E. co/i, 17.3%; /•:. nana, 12.7%; Giardia, 10%; E. hktoli/tica, 3.6%: 
Dicniama'ba, 2.3% ; Indamaba. 0.7 %p; Chihuumtix. 0.7%-, Enicromona.s, 

0 . 3 %))* 

2. Percentage infection was slightly (but not signifi'cantlv) lower 
for negroCvS than for wiiites. 

3. Incidence according to the occupations of the staff was higher, 
hut not .significantly so. in the record room and business office group*. 

REFERENCE 
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PERINEPHRIC ABSCESS— A PREVIOUSLY UNREPORTED 
COMPLICATION OF AMEBIASIS 

By David Kirsh, Ph.D., M.D. 

AND 

R. S. Diaz-Rivbra, M.D.* 

PHILADELPHIA, PA. 

(From the Departments of Medicine and Surgerj', Philadelphia General Hospital and 
the Medical Clinic, Hospital of the University of Pennsylvania) 


A SKARCH of the American, English and Spanish medical literature 
fails to discover a single instance of perinephric abscess complicating 
amebic dysentery. Furthermore, no author has suggested the pos- 
sibility that E, Imtolyiica may be the sole cause of such a complication. 
The case bears so many interesting points that it will be presented in 
detail, but an initial review of the literature on the complications of 
amebic infestation with special emphasis on urinary complications is 
desirable. 

The most frequent intestinal complications are appendicitis, massive 
hemorrhage, perforation of the bowel with peritonitis, amebic granu- 
loma, cicatricial stenosis of the bowel and pseudopolyposis. Among 
the extra-intestinal complications, which may occur in patients with 
or without symptoms of amebic dysentery are amebic hepatitis, peri- 
hepatitis, hepatic abscess, lung abscess, amebic bronchitis, amebic 
pleurisy, cerebral abscess, splenic abscess, cutaneous amebiasis, amebe- 
cemia, amebic pericarditis, amebiasis of the vagina, uterus, ovaries, 
Fallopian tubes, testicles, epididymis and penis. Amebic infestation 
of the gall bladder and biliary system has also been reported and suh- 
diaphragmatic collections due to E, liisiolyiica are not a rarity. A 
comprehensive analysis of the surgical aspects of the complications of 
amebiasis has been published by Ochsner and DeBakey.® 

The urinary complications of amebiasis are cystitis, pyelitis, neph- 
ritis, urethritis and kidney abscess. In 1913, Kiilz® reported 2 cases of 
multiple kidney abscesses due to E. histolytica. Hartmann-Keppek 
(1923) recorded a case of amebic kidney abscess following the operation 
of a hepatic abscess, and in 1924 Vichrew^ reported one of amebic 
miliary abscess in the cortex of the kidney. The most illustrative of 
all cases of amebic abscess of the kidney was reported by Casco- m 
1932. It related to a 4 year old boy who had suffered from relapses 
and exacerbations of bloody diarrhea for months, and whose feces 
were positive for E. histolytica. He developed a painful and tender 
enlargement of the left kidney and suffered from hematuria. Later, 
the patient passed large amounts of anchovy sauce pus per urethra. 
The kidney (decreased in size and trophozoites and cysts of E. histolytica 
were found in the pus. He was treated with emetine quite successfully* 
Segurola,’ in 1932, reported a case of amebic infection of the urinary 

* Fenow in Intetnal Medicine from the School of Tropical Modiciiic. Sau •Rwn. 
Puerto Rico. Lecturer in Tropical Medicine. Univcr?ity of Pennsjdvania. 
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bladder and of the kidney pelvis, without evident intestinal infestation 
and without a history of amebiasis, and presenting no symptoms 
referable to the gastro-intestinal or urinary tracts.^ Goyena,® in 1926, 
reported a case of intestinal and urinary amebiasis characterized by 
lumbar pain, albuminuria, pjmria and hematuria. 

Bernardi and Esquiveb (1939) made an analysis of the literature 
on urinary amebiasis collecting over 50 cases and adding 4 of their own. 
In their report, it is evident that amebiasis of the urinary tract may 
present numerous symptoms, but pain in the lumbar region, tenesmus 
on urination, pyuria and hematuria are by far the most important. 
They believe that urinary amebiasis is always secondary to intestinal 
infestation by the parasite and that it is spread either through the 
blood or the lymphatics. They reviewed the case reported by Ingum 
(1914) of a man who was suffering from chronic gonorrhea and amebic 
dysentery and who used the same siTringe for enemas as well as for 
urethral irrigations. This case is illustrative of another possible mode 
of infection, since the patient developed amebic cystitis. In their 
elaborate paper, no mention was made of a perinephritic abscess due to 
E. Imiohjtica. 

Case Report. L.G., a 47 year old Italian male, was admitted to the Phila- 
delphia General Hospital on March 6, 1942, complaining of pain in the right 
side of the back and on the upper abdomen. Since 1933, he had suffered 
from relapses and exacex'bations of a bloody diarrhea accompanied, on occa- 
sions, b5'’ severe crampy abdominal pains which, in many instances, simulated 
appendicitis. In October, 1941, his diarrhea recurred to a moderate degree 
with 4 to 7 bowel movements a day which on occasions consisted of only a 
small amount of mucus.. In late November, 1941, he developed some fever 
and noticed an evanescent uncomfortable feeling in the right upper quadrant 
with slight tenderness on pressure. At this time, a proctoscopic examination 
in another hospital revealed a rectal mucosa which bled easily, but presented 
no ulcerations and a barium enema demonstrated irritability of the colon. In 
December, 1941, he was taken with severe constipation which persisted until 
time of admission, and his pain in the right upper quadrant increased in 
severity. No weight loss, but marked weakness was recorded. His social 
history revealed that at the time of onset of his illness in 1933, he was employed 
digging a well in southern New Jersey. No histoiy pertaining to traveling 
was obtained. 

On physical examination, at the time of admission, his temperature was 
101 “ F., pulse 90, respirations 23, blood pressure 120 sj'stolic, 70 diastohe. 
He appeared quite ill and showed marked pallor of the skin and mucous mem- 
branes. The costal margin flared more on the right than on the left, and the 
diaphragmatic excursions were diminished on the right side. Percussion note 
was flat at the right base up to the angle of the scapula with suppression of 
breath sounds in that area. Rales were heard on the left base posteriorly. 
There was a \isible fulness in the right upper quadrant. The liver apparently 
extended 17 to IS cm. below the 5th rib. It and the right costovertebral angle 
were exceedingly tender. Peristalsis was exaggerated and puffing and whistling 
in type. The rest of the physical examination xvas essentiallv negative. 

Course. The temperature varied between 100° and 102° F. The blood 
pictvire on March 6, 1942 revealed a moderate secondary anemia and white 
cell count of 9600, of Avhich 80% were neutrophiles, 15% hTuphoevtes, 2% 
monocytes and 3% eosinophiles. Five days after admission his blood picture 
was unchanged except for a left shift with a Schilling index of 1.9. The pro- 
, P 45% of normal. The stool examination was negative for 

h. histohihca. Rocntgcnographic studies reve.aled a slight elev.ation of the 
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right diaphragm with haziness at the base of the right lung. The liver was 
reported not enlarged. 

^ Eight days after admission, laparotomy (Dr. E. L. Eliason) showed that the 
liver was diffuselj^ enlarged, but no pus or intrahepatic or subdiaphragmatic 
masses were encountered. The gall bladder wall was thick and edematous, 
but no stones were palpable. The panci'eas was nomial. On the retroperitoneal 
surface, just below the liver, the tissues were dense, thickened and edematous 
and fluctuation was elicited. By blunt dissection carried around retroperi- 



Fig. 1 . — Enlarnwha histolytica trophozoite. Stained paraffin section of pus from 
perincphritic abscess showing (wo iiigested erythrocytes. (X 1500.) 



Fig. 2 . — EjitnrncrfKi histolytica trophozoite. Paraffin section of pus from peiincpfirif*^ 
abscess. Xote pseudopod. (X 1500.) 


toneally to the perinephric space, a large collection of pus was opened aiu^ 
drained. The ca\it>' occupied the entire perinephric space. The pus was 
thick and yellow, and was drained through a lateral .statewound. Exaininntio 
of the fresh pus failed to reveal anv amehx. , fn.ih 

Postoverativc Course. Considerable amounts of mucoid, blood-tingea, mu 
‘smelling pus drained for a long time from the lateral portion of the _ 

Cultures were positive for Sfap/j. aureus and Esch. coh. Repeated . 

of the pus fS to sho^- E. histolytica cysts or trophozoites. Lip.odnl 
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tion of the aijscess cavity localized it in the region of the 12th rib extending 
somewhat anteriorly and downwards to the level of the 2d lumbar vertebra. 
Intravenous urograms showed no abnormalities. Ten days after operation, 



Fi<}. 3.— Preoperative cliest film showing slight pleural reaction above and slight elevation 

of tight diaphragm. 



Vu;. 4. --Preo])crativo flat plate of abdomen shoinng vSomo hepatic enlargement* 

blocked iwrailin sections of the pus revealed E. htstohilka in the vegetative 
tonns and tins finding was conHnned 3 days later. (This method is totallv 
icnablo, und the chagnosis of the condition cannot he questioned, in spite of 
the lacl that the parasite was not found on fresh mounts.) (See Figs. 1 and 2.) 
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The temperature dropped to nomial on the 3d postoperative day, flared 
up on the 23d and leveled off at 100° F. on the 36th da 5 ^ Fort}^-six days after 
the operation, a course of emetine hydrochloride was started ..consisting of a 
hjTpodermic injection of 1 gr. of the drug daily for 12 da 3 ’'s; this was repeated 
after a 2 weeks’ rest. The abscess cavity was irrigated vdth emetine hj^dro- 
chloride on several occasions. A course of \noform followed, and no amebse 
were seen in the pus. No amebae w’ere found in the stools during or after 
completion of chemotherap 3 ^ 

The patient improved remarkably fast after treatment, drainage ceased 
and he was discharged 131 da}^s after admission and 123 daj's after operation. 



Fig. 5. — Antero-posterior view of abdomen following lipiodol instillation into abscess 
cavity. The abscess is visualized laterally* 


Comment. In the analysis of this case, it is evident that the patient 
suffered from a dysenteric form of amebiasis since 1933, as suggested 
by the relapses and exacerbations of bloody diarrhea; and that appar- 
ently there was invplvement of the cecum and appendiceal regions by 
E. hhiohjiica, since the patient had frequent attacks of pain in the 
right lower quadrant simulating appendicitis. Fever and dull pain m 
the right upper quadrant in November, 1941, obviates the supposition 
that he may have had a hepatitis secondary' to the amebic colitis, or 
perhaps this was the initial s^maptom of the perinepbritic collection 
of pus. The latter supposition is substantiated by the fact that the 
symptom picture in the right upper quadrant progre.ssiveIy increascfl 
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in severity. It can be assumed that the patient may have been suf- 
fering from the perinephric collection of pus since November, 1941. 
The first impression was that this patient was suffering from a sub- 
diaphragmatic or hepatic abscess. There was, nevertheless, exquisite 
tenderness in the right costovertebral angle, which may have suggested 
kidney involvement. The blood picture of this patient did not suggest 
a purulent process, as there was a leukocytosis of only 9600. Examina- 
tion of the liver and subdiaphragmatic space failed to reveal abscess 
formation. The thickness and swelling of the gall bladder wall is 
difficult to explain on the basis of an amebic infection. The dense wall 
and fibrosis of the perinephric abscess suggested a chronic course, but 
the character of the pus, on operation, was not typical of amebic 
infection. The failure to find the ameba in fresh mounts of the pus is 
not explained. The prolonged draining from the surgical incision may 
have been due to amebiasis of the tissues surrounding the wound, this 
being suggested by the rapid improvement after treatment witli 
emetine hydrochloride. 

As to the origin of the E. histolytica, we do not doubt that it was 
from the colon, but how it got to the perinephric space is difficult to 
state. Nevertheless, there are four possibilities for such a phenomenon. 
The patient maj'^ have had a hepatic abscess which ruptured into the 
perinephric space, but this is not evidenced by the findings on surgical 
exploration and it is a known fact that the majority of the hepatic 
abscesses due to E. histolytica rupture through the diaphragm into the 
pleural cavity. There is the possibility that this was a hematogenous 
metastasis, but we doubt it, since the parasite had to be filtered through 
the liver and lungs, and an abscess of the liver would have developed. 
The parasite may have been carried by the blood stream from an 
amebic infection of the lungs or bronchi, but this is hardly possible as 
there was no evidence of lung or bronchial involvement in the process, 
and this was a very strange localization for a blood-borne infection of 
this nature. 

The last and strongest possibility is that the parasite may have 
passed through the lymphatics and localized in the perinephric space. 
The opinion is divided as to the lymphatic metastasis of amebic 
lesions, but Bernardi and EsquiveP are certain of its possibilities. 

Summary. 1. A perinephric abscess—due to E. histolytica, appar- 
ently the first case— -is reported. The diagnosis was proven by the 
demonstration of the parasite in the pus draining from the abscess 
after surgical intervention. 

2. There is no doubt that there was involvement of the appendix 
and sigmoid, since the patient suffered from pain in the right lower 
quadrant suggesting appendicitis. 

3. Ihe complication was ushered in by a progressively severe pain 
in the right upper quadrant and pain in the right costovertebral angle. 

4. The patient was explored and no evidence of a hepatic or a sub- 
diaphrapnatic abscess was found. 

5 It is possible that the parasite traveled through the hmiphatics and 
localized m the perinephric space. 



378 


KiRSH, diaz-rivera: perinephric abscess 


REFERENCES 

1. Bernardi, R., and Esqur^el, R. B.: Semana med., 1, 248, 1939. 

2. Casco, E. D.; Rev. m6d. latino. Am., 17, 1165, 1932. 

3. Goyena, J. R.: Semana med., 1, 1075, 1926. 

4. Hartjiann-Iveppel: Bull, et m6m, Soc. de chir., Paris, 49, 216, 1923. 

5. Ktinz, L.: Arch. Schiffs u. Tropen-Hyg., 17, 273, 1913. 

6. OcHSNER, A., and DeBakey, M.: New Internat. Clin., 1, 6S, 1942. 

7. Segurola, M.: Vida Nueva, 20, 24, 1927. 

8. VicHREw, P.: Med. Ges. Tiflis, January 24, 1924. 



PROGRESS 

OF 

MEDICAL SCIENCE 

PATHOIOGY AND BACTERIOLOGY 

UNDER THE CHARGE OF 

G, LYMAN DUFF, M.A,, M.D,, Ph.D. 

ftTRATHCONA PROFESSOR OF PATHOLOGY, MC GILL UNIVERSITY 

AND 

E. G. D. MURRAY, O.B.E., M.A., L.M.S.S.A., F.R.S.C. 

PROFESSOR OF BACTERIOLOGY AND IMMUNITY, MC GILL UNIVERSITY 
MONTREAL, CANADA 


GAS GANGRENE 

By G. B. Reed, Pii.D., RR.C.S, and J. H. Orr, M.I)., F.R.C.S. 

queen’s university, KINGSTON, ONTARIO 

In 1607 Fabricus Hildanus^^"^ described a case of gas gangrene. Few 
clinical descriptions of the disease since that time have been clearer: 

the 21st July, 1607, Estienne Topin vished, as work in the harvest reached 
its height, to lead himself an empty cart. He was at the time fifty 3 "ears old, of 
robust build and in the best of health. As he was running he fell and the wheel 
of the cart tore up the whole of the inner part of the leg. The periosteum was 
ripped from the tibia for a palm^s length; neither bone was, however, broken or 
cracked so that he was able to walk to his home about half an hour's walk awa}". 

. , , I was called the very same day; I anointed the whole of the thigh with 
oleum rosar and having washed the wound with red wine and tepid water ... I 
enveloped the whole of the leg in a liandage soaked in vinegar ... he had a restless 
night . , . 

**Ou the 23rd ... on removing the bandage it was seen that the part of the 
calf which had been separated from the undertying flesh required excision since it 
was turning livid and about to become gangrenous. I accordingty cut off this part 
. . . and having washed the stump with vinegar and salt I dressed it , . . and 
applied (a) poultice , . . 

“On the morning of the 24th I undid the bandages and it was perfeetty clear 
that the putrefaction had been arrested and that the gangrene was not spreading. 
... In the afternoon he was seized with an intense pain in the outer part of the 
leg . . , yet there was no outward sign and no obvious inflammation. 

“On the 25th ... I undid the dressings and found the external parts of the 
calf were black and mortified over a palm's width. . . . About midday . . . 
removing again the bandages I found the whole of the outer part of the leg and 
the foot itself motlifiod and covered with large black vesicles containing water 
similar to that in which meat had been washed: in certain places great pain 
persisted . . , Furthermore as I began to shave off some of the hair above the 
knee on the outer aspect at a certain place I could make out a sound as if there 
were some sort of empty space underneath. Inferring, therefore, that the disease 
was present underneath in that place 1 began to explain . . , that amputation was 

clearly going to prove fruitless . . . Two hours later ... I saw that the place 
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about which we had heard the sound had become completely mortified. About 
ten that evening a vesicle the size of an egg arose in his groin beside the scrotum, 
black and filled with water like meat w^ashings. On opening this the underlying 
flesh w’as black and gangrenous: within the next tw*o hours the scrotum became 
swollen the size of a head and gangrenous. At about the third hour after midnight 
he became covered with sweat, at first hot then cold, and he died peacefully, in 
the middle of a sentence, four days, eleven hours after his illness commenced, and 
twenty-four hours after the onset of the gangrene.” 

Gas gangrene has generally, although not ahvays, been a companion of 
w^ars. In the British armies in France in September 1914, betw^een 10 and 
12% of the w^ounded developed gas gangrene. Four years later the inci- 
dence had fallen to less than 1 % of the wounded, as stated by the British 
Medical Research Committee Report on Anaerobic Infection.^ In the 
French and German armies the incidence appears to have been slightly 
higher.^^*^ It was always found that the incidence w^as highest in periods 
of active operations when there w^as greatest delay in collection of the 
wounded. In ci\dlian life the incidence is probably lower, though there 
are few data. Cramp (1912)^® states that among 5802 accident cases in 
New York, 1909 to 1912, there Avere 9 cases of gas gangrene (0.16%)'. ^ 

1. The Etiology of Gas Gangrene. The relationship of the Clostridia 
to gas gangrene w-as long in confusion. Pasteur and Jobert (1877)®® 
described Vihrion sepiique (C. scpticinn), and 4 years later Koch (1881)^® 
described what he believed to be the same organism ^vhich wns known in 
Germany as Koch’s BazUlns dcs maligncn Oedcmc. Chauveau and Arloing s 
(1884)^^ study of gas gangrene appeared to indicate that it w’as a specific 
disease caused by this organism. But Welch and Nuttall (1892)^°' isolated 
B. asrogenes capsid ahis {C. welchii) from gas gangrene cases and produced 
the disease in experimental animals. AVithin the next few* years AVelch s 
organism was rediscovered in both Germany and France. Frankel m 
Germany called it B. phlegmonis emjyhysematosxj and Ah'ellon in France 
called it B. perfringens. 


Table 1. — Incidenxe of Varieties of Gas Gangrene Bacilli 
France — War 1914-18 



Weinberg 

and 

S^guin 

McIntosh 

Henry 

Germany 

peace- 

time 

Argentina 


91 cases. 

93 cases, 

50 cases. 

21 cases. 

11 cases. 


% 

% 

% 

% 

% 

C. velehii .... 

. . . 71 

55 

SO 

100 

46 

C. noryt .... 

. . . 34 

4 

10 

33 

10 

C. septieum 

. . 13 

IG 

16 

5 

27 

C. sordellxi 


? 

7 

0 

18 

C. fallax .... 
C. histolyixeum 

. ' I’fi 


*6 

5 

18 

64 

C. sporogents . 

27 

37 


• 


AVith the studies on the group carried on during the last wnr, order 
began to emerge. It became apparent that gas gangrene may be cause ^ 
by one or a group of species of Clostridia, The distribution of species in ga*^ 
gangrene infections is suggested in Table 1. The difference in the findings 
of different observers probably results from great diversity in occurrence 
of the species and in part it is due to different methods of isolation an 
identification used by the several observers. Moreover, these infections 
usually \’ield more than one species of Clostridia, In 37 of AAeinberg an 
Seguin’s* (1918)®® 91 cases of gas gangrene only 1 species 
isolated; 29 C. wclchii, 5 C. novifi, 1 C. scpticum, 1 C.fallaz, 1 C. 

In 54 approximately half the 91 cases, 2 or more species of Ch.^lndtn 
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were present and frequently also streptococcus, staphylococcus or other 
aerobic species. 

2. Cultivation of Clostridia. The pathogenic Clostridia grow luxuriantly 
on a wide variety of culture media. Most species are able to utilize complex 
proteins or obtain their nitrogen from peptones, amino acids or simpler 
nitrogen compounds. Many species will utilize glycerol, starch or a variety 
of sugars. The older types of media were rich in proteins : chopped meat, 
liver or egg. The modern trend is toward media consisting of simple 
peptones'— sugar solutions or synthetic mixtures. 

The conspicuous feature of this group is the intolerance to oxygen. 
This necessitates cultivation either in an atmosphere with a low partial 
pressure of oxygen or in a medium poised at a negative oxidation-reduction 
potential. The degree of oxygen intolerance varies widely from species to 
species. 

(o) Surface Growth. The most conspicuous landmark in the technique 
of the study of this group was the introduction of the Mclntosh-Fildes 
anaerobic Older procedures used for surface plating while 

generally successful gave variable results due largely to irregularities in 
oxygen pressure. If plates are inoculated from a wound exudate, for 
example, and incubated in an atmosphere of only moderately low oxygen 
tension, the more oxygen-tolerant species like C. welchii may grow while 
the oxygen intolerant species like C. ictani may fail to grow, thus leading 
to erroneous conclusions and frequently interfering with the isolation of 
pure cultures. 

Many modifications have been made in the original Fildes’ jar; Brewer’s 
(1941)®'® jar is mechanically excellent, but the original principle remains 
unchanged. Tavo considerations are essential — the jar must be capable 
of holding a vacuum and means must be provided for keeping the platin- 
ized or palladinized asbestos catalyzing element dry and preferably heated 
when in action. 

(6) Growth in FImd or Scmisolid Media. Cultivation of Clostridia in 
fluid media is much simpler than on the surface of solid media. The older 
unsatisfactory method of driving out dissolved oxygen by boiling and 
covering the surface of the medium Avith a layer of oil has largely giA^en 
place to media poised at or near the optimum oxidation-reduction potential 
in AA'hich cultures are incubated exposed to air. This objective is achicA'ed 
in chopped meat media, or clear media may be adapted by the addition 
of suitable reducing agents and a trace of agar. The procedure of adding 
reducing substances has long been folloAA'ed to a limited degree and many 
agents have been suggested.^ The use of agar to retard oxygen diffusion 
has also frequently been suggested.®®® BrcAver (1940)® combined the use 
of highly efficient reducing agents, sodium thioglycolate or sodium for- 
maldehyde sulfoxylate AA'ith a small concentration of agar. hlcClung 
(1940)^®® and Reed and Orr (1941)'®*' haA'e shoAAm that all the knoAA’n 
pathogenic species of Clostridia groAv luxuriantly from small inocula in 
such media. 

The optimAun or limiting 0/R potential for the various species has 
never been established, though Quastel and Stephenson (1926)'® and Fildes 
(1927, 1929)"-®®-' have approached the points probably as closely as the 
complexity of the system Avill permit, and Reed and' Orr (1943^®“’ have 
•shoAvn that all the known pathogenic species of Clostridia Avill grow from 
a minute inoculum in a simple peptone medium poised at an Om potential 
level of Eh - 100 to -200 volts. 

vot.. NO. J4 
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Media prepared along these lines have given good results in biocheniiwl 
reactions for the identification of Clostridia, (See Appendix.) 

3, Proposed Procedure for Isolation of Clostridia From Wound Exu- 
dates. The following procedure has been in use in this laboratory for 
some years. It is in no waj^ unique. It merely outlines a method which 
has generally given satisfactory results in a short period. 

Swabs or fragments of tissue from an infected wound suspected of con- 
taining gas gangrene or tetanus organisms are smeared and stained by 
Gram's method* and are cultured as follows: 

(а) Tubes of chopped meat medium are heavily inoculated. These are 
subsequently used only if the primary plating fails. 

(б) Swabs or fragments of tissue are introduced into 8 ml. tubes of 
peptone-thioglycollate broth, well mixed, and 1 to 10, 1 to 100 and 1 to 1000 
dilutions are made in similar broth. Generally less growth is obtained 
when saline solution is used for this purpose. 

(c) From each dilution surface plates are then made on blood agar, 
clear peptone-thiogl 3 ’'colate agar and pour plates in semisolid thioglycolate 
agar. All are incubated in a Fildes type anaerobic jar. It frequently aids 
colony selection if a few plates are also incubated aerobically. The great- 
est difficulty in plating arises when spreading types are present. The 
worst offenders are of course C, ietani and species of Proteus, but C, sporo- 
genes, C, hifennenlans and even C, septicuin at times are troublesome. 
This tendenc 3 '' is considerabl}^ reduced if the surface of the medium is kept 
relatively dry. Since moisture accumulates in the anaerobic jars, drying 
the plates before inoculation is of little aid. Better results are obtained 
by placing calcium chloride or ‘'Dessigel S" in the anaerobic jars. T\ e use 
a Petri dish cover about half filled vdth granular calcium chloride in the 
bottom of the jar and, in a deep jar with 12 to 14 plates, a second, similar 
dish of calcium chloride on the top of the pile of plates. The use of sodium 
azide as proposed by Lichstein and Sn^^der (1941)^^ to inhibit the growth 
of Proteus may be an advantage. ^ 

Subsurface growth in soft agar, as was shovm by Greenberg (1941), 
tends to be more discrete than surface growth on firm agar. If the inocu- 
lation is too heavy the growth may be diffuse, or, in the case of C, tetanh 
delicate irregular threads of growth may appear through the agar which 
are detectable only in a very clear medium with a good magnification. 
AATien the inoculum is light, even C, ietani and Proteus generally form 
discrete colonies. 

Surface and subsurface colonies reach their maximum growth in 24 to 
72 hours. If the media and the jars are satisfactor3% colonies are distin- 
guishable and may be fished at IS to 24 hours. 

CoLOXY Form. Colonies of the members of the genus Clostridium 
been described and figured by many authors, particularly A^einbcrg, 
Nativelle and Prevot (1937).^°^ They may be considered as belonging o 
five fairly clearly defined groups, as follows: ^ . . 

Colony Form A: Large raised colonies, smooth to slightly folded, vi i 
entire or undulate margins, ordinarily reaching 2 to 4 mm. in diameter. 
The subsurface colonies are lenticular and entire or slightly irregu 

Frequently smooth bulges appear on otherwise perfect lens-shaped colon le^. 

C. icclchii is the most characteristic species of this group. 
the surface colonies are perfectly smooth and entire, though frequently i 


* In using Grain’s stain on members of this genus it is important, os 
(1936).'=^ to decolorize with alcohol and not with acetone or alcohol and acetone, 
latter procedures pive irrepular results. 
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margins are slightly undulate. The subsurface colonies are perfectly lens 
shaped to slightly irregular, C. butyricum, C. vitiUiferyientans, C. aero- 
fmtidum and 5. paraputrificum develop in similar colonies, but ordinarily 
the surface is slightly folded and the margins undulate. 

Colony Form B: This type is represented by smaller, raised colonies, 
smooth to slightly folded or irregular, with entire to undulate or serrate 
margins, ordinarily reaching 1 to 2 mm. in diameter. The subsurface 
colonies are lenticular and are smooth to irregular, with short, thick 
rhizoids. This is the characteristic form of C. iertium, C. carnis, C. sphcn- 
oides and C. difficile. 

Colony Form C. ; This form is represented by one species in the group, 
C. histolyticmi. The colonies are minute, raised, smooth and entire to 
slightly irregular with short rhizoids, ordinarily 0.1 to 0.2 mm. in diameter. 
The subsurface colonies are spherical to lenticular and entire to irregular, 
with short rhizoids. 

Colony Form D ; With this type there are moderate to large colonies, 
raised, irregular, with widespreading coarse rhizoids, 1 to 5 mm. in diam- 
eter. Subsurface colonies are occasionally spherical or lenticular, with 
widespreading rhizoids to irregular rhizoid masses. Colonies of the several 
species which grow in this form vary in respect to average size and extent 
of rhizoid spread; C. cocMcariwn and C. tctanomorphum colonies are small, 

1 to 2 mm., with spreading fine rhizoids; C. fallax colonies are larger, 2 to 
3 mm., witli rather coarser rhizoids; C. scpticxim and C. novyi colonies are 

2 to 4 mm., with rather coarse rhizoids. 

C. sordcUii and C. bifcrmcntans tend to grow in still larger colonies with 
irregular margins and folded surfaces, generally without widespreading 
rhizoids, but some strains produce fimbriate colonies resembling those of 
C. scpticim. Subsurface colonies are generally rectangular, frequently 
occurring in aggregates. 

Colony Form E; This type is represented by C. tctajii. Surface growth 
varies from irregular granular colonies with delicate spreading rhizoids to 
irregular spreading rhizoids without any definite formed colony structure. 
Subsurface colonies are irregular spherical masses with widespreading, 
very delicate rhizoids to single irregular rhizoid-like structures. 

The usual colony form of the gas gangrene group is indicated in Table 2. 
Surface grow'th on blood agar plates or subsurface grow'th in the 0.75% 
agar plates containing blood develop colony forms in general similar to 
those in clear peptone-thioglycolate media. For the most part, grow'th 
0 !i or in blood agar is slightly more luxuriant, but the particular advantage 
is the hemolytic reaction. As is indicated in Table 2, all the toxin-produc- 
ing species produce a zone of clear hemolysis about the colonies, some- 
what more definite about subsurface colonies. The non-toxin-forming 
species do not produce hemolysis, with the exception of C. sporogencs, 
which ordinarily produces a narrow zone of partial hemolysis. 

The most distinctive reaction occurs in the case of C. u'clchii. This 
organism ordinarily produces a double zone of hemolysis— an inner zone of 
complete clearing of the medium 5 to 10 mm. wide'and an outer zone of 
partial hemolysis about 2 to 3 times as wide as the inner clear area. This 
double zone is apparent in a medium containing whole or defibrinated 
blood but not when preserved blood'* or citrated blood is used. 

It must be kept in mind that colony structure, especiallv when one is 
working from old laboratory strains, may be most deceptive.* It was shown 
by Orr, .loscphson. Baker and Reed (1033)« and by McGaughev (1933)*= 
that r. irr/rfiu readily varies from S to R and that the R colonv'has more 
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the form of a C. sporogenes or C. bifcnncntaiis colony than the normal S 
form of C. loelchu. Hoogerheide (1937)®^ found the same t}'pe of variation 
to occur with C. /ihtofytmim, while Sordelli and Ferrari (1930)®® and Spray 
(1933)®®^ briefly describe similar changes in several species in this group. 


Table 2 . Surface Colonies in 24 Hour Cultures on Peptone -thioglycolate 
OR Blood Agar and Subsurface Colonies in Semisolid Agar; Morphology 
of Organisms From the Same 24 Hour Cultures or From Peptone-thio- 
GLY'COLATE BrOTH 


Species 

Colony 
form 
(see text) 

Cl. xtdchii . 

A 

Cl. hutyricum 

A 

Cl. multifermaitans . 

A 

Cl. aerofcctidum . 

A 

Cl. tertium . 

B 

Cl. fallaz 

D 

Cl. parapuirificum . 

B 

CL carnis 

B 

Cl. chautari . 

D 

CL septicum 

D 

Cl. sphenoides 

B 

CL novyi 

D 

CL bifermentans 

D 

CL sordellii . 

D 

CL sporoffciies 

D 

CL histolyixeum . 

C 

CL tciatxomorphuvi . 

D 

CL difficih . . . 

B 

CL capxtoxatx!^ 

B toC 

CL cochlearium . 

D 

CL /f/nni . . . . 

E 


Hemol- 

ysis 

Rods 

4- double 

Short, thick, 

zone 

capsulated 


Short to long, 
thick 


Short to long, 
thick 


Short 


Short to long, 
slender 


Short to long, 
thick 


Short to long, 
thick 

4- single 

Short, thick 

zone 

+ single 

Short to long 

zone 

+ .single 

Short to long 

zone 


Short, oval to 
fusiform 

4- single 

Short to long 

zone 


Short, thick 

-f- single 

Short, thick 

zone 

^ single 

Short to long 

zone 

filaments 

4* single 

Short to long 

zone 

^ single 

Short to long. 

zone 

slender 

4* single 

Short to long. 

zone 

thick 


Short, slender 


Long, very 
slender 

-f single 

Short to long. 

zone 

slender 


Sj>ores 

Very rare; oval, subterminal 

Oval, excentric to subterminal, swell* 
ing 

Oval, central to cxcentric, swelling 


Very rare; oval, subterminal 
Rare; oval, terminal, swelling 

Verj’ rare; oval, subterminal, spell- 
ing 

Rare, spherical, terminal, swelling 

Oval to elongated, terminal 

Oval, excentric to subterminal, swell- 

Oval, excentric to subterminal, spoil- 
ing 

Rare; spherical, terminal, spclhng 

I^arge oval, subterminal, swelling 

Oval, excentric to subterminal 
Oval, excentric to subterminal 

Oval, excentric to subterminal. spoil 

... 

Oval, subterminal, swelling 

Spherical, terminal, swelling 

Oval, elongated, subterminal, swoll- 
ing 

Oval, terminal, swelling 
Oval, terminal, swelling 


Spherical, terminal, swelling 


In our experience only S forms have been isolated from infected 
— the aforementioned studies have sho\vn that S to R variation is accom- 
panied by a decrease in \drulence. It is perfectly possible, however, that 
variant types may be found in infections. 

(cl) Isolafio)}. In identifying organisms from the primary plates, single 
colonies are fished from the primary surface plates in the ordinary manner. 
A single large colony, such as that characteristic of C. urlchUf provides 
ample material for tlie inoculation of the necessary diagnostic media. In 
the case of minute colonies like those of C. hislolyiicum it is an advantage 
to fish a single colony to a small deep tube of peptone-thioglycolate 
medium and incubate for a few hours. . . 

In fishing minute subsurface colonies from a semisolid medium it 1=^ 
frequently an advantage to use a glass tube drami out to a fine tip. After 
one has determined that the selected colony is free from spreading growth^ 
which generally can be done nith a 25 diameter binocular microscope ann 
a subdued illumination from below the plate, the colony is stabbed witn 
the capillary tube. The tube is then broken in the bottom of a p^'ptonc- 
tinoglycolate broth tube. 
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The 10 tubes of diagnostic media, described in the following sections 
and listed at the top of Table 3, are then inoculated together with a plate 
of milk agar and preferably with additional plates to establish the purity 
of the cultures. Inoculation of a medium in a deep tube is most effectively 
done with a Pasteur pipette which delivers a few drops of inoculum at the 
bottom of the tube. 

In many instances it will be possible to obtain pure cultures of Clostridia 
from the first plating of wound e.xudates, i. c., in 24 hours. Frequently 
replating will be necessary. 

4, Rapid Identification of Clostridia. As generally carried out the iden- 
tification of species of Clostridia is a protracted process. We are of the 
opinion that, once a pure culture has been obtained, the newer types of 
cultivation permit as rapid identification as in most other groups of 
bacteria (Reed and Orr, 194F^''). 

The 5th edition of “Bergey’s Manual” recognizes some 51 species 
belonging to the genus Closiridhnn. These may be roughly divided into 
four subgroups: 

(1) Gas gangrene groups and related species, 20 species. 

(2) Tetanus group, 1 specie. 

(3) Botulinus group, 2 species. 

(4) Non-pathogenic group, 28 species. 

This article deals entire! j'’ with the first group. 

A. Biochemical Reactions. Table 3 summarizes a series of biochemical 
reactions of most value in establishing identity of members of the gas 
gangrene group. 


Table 3. — Biocuemicai. Reactions of Gas Gangrene Clostridia 


•Species 

Cl. wdchii ivt'r/rini/cns) 
CL biiti/rjaifn (tcroup) 
CL fftu/(fftrmrn(atJs . 
CL arrofxrtidum , 

CL fertiurn 

a.fondx .... 
CL parajmtnftmm 
Cl. rnrm> . . . , 

CL c/jatirtri 
Cf. , 

CL 

CL tion/i {(rdnnafirn.y) 
Cl, ^i/rr»nrhfn»>s . 

CL 

CL 

CL hi^toUfticum . 

Cl. (ftamyrnorphum 
CL di ficiU 
CL capiforalt^ 

CL tochtmrium 
CL tridtti , , , . 


Milk 

Stormy 

Stormy 

Stormy 

Stormy 

Acid 

Acid 

Acid 

Acid 

Acid 

Acid 

Acid 

OijXt*2:lL*d 
IViKC-'^lcd 
Dice'; loti 
Dico>tcd 
Dice.'; ted 

No clmnct' 
No cUuugo 
Xo chance 
Xo chance 
Xo chance 
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J. Mu.k Ihv gas gangrene group may most readily be divided into 
lao ,nam d.v.smns on the basis o reaction in milk. /. c.. tl.ose which pro- 

re uee.rh,?/''"^’"‘"’r Milk containing 

ruitaul iron (see .Appendix) pernms this distinetion to be made in 18 to 
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24 hours. ^ As is indicated in Table 3, stormy fermentation is produced by 
(7. welchii, C, multifermeniam, C. aerofwtidum and C, buiyricxniu 

Further separation on the basis of milk reactions is not so clear cut, but, 
as is indicated in Table 3, some 9 species form acid, which generally does 
not reach sufficient concentration in 24 hours to cause coagulation. Brom- 
cresol purple shows an acid reaction. Three other species, (7. bifennenianSf 
C- sordini, C. sporogencs and generally C. novyi and (7. hislolyiicum give 
evidence of digestion in 24 hours, though in most instances the reaction is 
not complete before 48 hours or longer. The remaining four species, though 
they grow in milk, produce no reaction. 

2. Sugar Fermentation. The most significant diagnostic differences 
in sugar fermentations are seen in the reactions to dextrose, maltose, lac- 
tose, salicin and sucrose. In the peptone-thioglycolate medium just 
described, if fermentation occurs, sufficient acid will have formed to give 
added bromthymol blue a frank yellow color in less than 24 hours, while 
sugar-free control cultures remain blue to the indicator. Since the indi- 
cator tends to be reduced by these organisms, it is necessary to add it at 
the end of the growth period and to read the reactions fairly promptly. 

It is apparent from Table 3 that the stormy milk fermenters, with two 
exceptions, ferment all 5 sugars. Of those species which form acid in milk, 
the first 3 listed in the table, (7. icrtuim, C. fallax and C. parapuirificimy 
ferment all 5 sugars. C. carnis, C. chauvooi, C. scpiicinn and C. sphcnoidcs 
ferment 4 of the 5, though they do not attack the same 4 sugars. Four 
species which digest milk ferment only dextrose and maltose, while C, Iiisjo- 
lyticum ferments no sugars. Of those which produce no change in milk, 
C, ietanomorphwn and (7. difficile ferment 2 sugars, while C, cochlcarium 
and f7. tciani ferment no sugars. 

3. Hydrogen Sulfide. All species in this gi’oup produce some hydrogen 
sulfide when sulfur compounds are supplied in suitable form (Pacheco and 
Costa, 1940). The proteose peptone medium with bismuth or lead (see 
Appendi.x) as an indicator is definitely darkened or blackened in 24 hours 
by 17 of the 21 species in the group. C. icianomorphuin and C. irfatii 
darken but do not generally blacken the medium in 24 hours, while C- 
midiifcrmcniarhS', C. carxiis, C, capitovalh and C. cochicarivm fail to cause 
any darkening of these media in 24 hours. The differentiation which 
Spray (1936)^'^^ made betw’een (7. irriium and C, fedlax on the amount of 
hydrogen sulfide produced is not apparent on these media. 

4. Liquefaction of Gelatin. About half the species in this group pro- 
duce rapid liquefaction of gelatin (see Appendix). The procedure has been 
to incubate the cultures at 37*^ C. and to test for liquefaction after the 
culture has stood for an hour in an ice-w'ater bath. 

5. Reduction of Nitrate. In the medium describefi (see Appendix) 
about one-third of the species in the group produce nitrites. The remain- 
ing species apparently fail to reduce the nitrate, as is shown by the fad 
that no nitrites are detectable at 24 liours. No distinction is made hen* 
between those species which fail to attack nitrate and those which break 
down nitrite as it is formed.'® 

6. Indol. In the tryptophane-containing medium described (see Ap- 

pendix) about one-third of the species in the group produce indol, the 
remainder apparently failing to do so. No distinction is made here 
between those species which fail to break down the tryptophane and thoM* 
which split the indol as it is formed."® ^ 

B. Morphology. The morphologic chanicter of the organisrns in im*' 
^rrouVus observed in 24 Imnr cultun-s on h\no<\ agar, peptone-tinoglyc-olate 
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sigar or peptoue-tliioglycolate brotli is not distinctive. Sporulation, when 
present, is characteristic; but it is frequently absent even in cultures which 
sporulate freely 48 to 72 hours later. Smears from the young cultures, 
however, when well stained by Gram’s stain without acetone, aid in 
checking the purity of cultures and frequently supplement the biochemical 
differentiation of species (Table 2 ). 

A few cultures generally give atypical reactions: A few strains of 
C. welchii fail to give a positive nitrite reaction. As shown by Reed 
(1942)'® this is due to the reduction of nitrites to ammonia. 

In a few instances it has been impossible to distinguish between C. ncpli- 
cmn. and C. chauvcei. 

A few C. novyi fail to ferment maltose in 24 hours. 

A few C. tetani fail to produce hydrogen sulfide. 

6 . Toxins and Antigenic Structure of Clostridia. Pathogenicity of 
Clostridia is primarily associated with the elaboration of toxins. With 
certain important exceptions, the toxins are species specific. In sharp 
contrast most species exhibit a heterogeneous antigenic structure of the 
cells. This is made very clear in McCoy and McClung’s (1938)®® review. 
The heterogeneous character is evident in agglutination, precipitin and 
complement-fixation reaction. Little is known of the carbohydrate con- 
tent of the cells. Meisel (1936)®" isolated a polysaccharide from “R. 
amylohacter” and Jaminez (1931) and Reed and Orr (1940)^®“ have made 
.similar isolations from C. wclchii but the compounds proved to be non- 
specific. 

C. wclchii Toxin. Bull and Pritchett (1917)*® demonstrated soluble 
toxin in filtrates of C. wclchii of human origin and from it prepared an 
antitoxin. This toxin they found contained two elements, a hsemoioxin 
and a lethal toxin u'hich Henry called myoioxin. Much subsequent work 
appeared to indicate that all toxigenic strains of C. wclchii, Henry (1920),®® 
Reed, Orr and Campbell (1927), produced identical toxins as demonstrated 
by antitoxin neutralization. 

Subsequently considerable controversy arose, which is still unsettled, 
concerning the relationship of C. wclchii to flatulent diarrhea,®® and 
toxemia of intestinal obstruction in man.®® Also a group of organisms 
have been isolated from enterotoxeraias, particularly of sheep, which 
closely resemble or are indistinguishable from the classical C. wclchii of 
Welch and Nuttall except in the specificity of their toxins. The first of 
these was isolated by Gaiger and DalHng (1923),®® Mason (1935),'** some- 
times called Bacillus ngni. McEwen (1929)®* then isolated a similar 
organism, B. plaudis, from struck disease of sheep. A third organism iso- 
lated from jndpy kidney of sheep by Bennetts (1932)-* and later from other 
herbivorous animals has been called B. oiitoxicus. Wilsdon (1931)*®® 
cla.ssified these 4 organisms, on the basis of to.xin neutralization, as C. 
inichii types A, B, C and D. The toxins and antitoxins display consider- 
able overlapping of factors.®* '® The present position may be summarized 
as follows: 


r. tcdchii OVclch nnd Nut lull) 
nOHi (DalHng) 

B, jxihidu^ (McEwon)^^ 

B. ontoTxcus (Bennotts)^ 


Type (Wilsdon) Toxins produced (Glcnny) 
A or, f 

B or, p, e. traces 7, f 

C a, p, y, traces 6 

D <r. c 


ihe properties of these toxins in physiologic terms are: a, hemolytic, 
cthal, necrotic; lethal, necrotic; 7 , lethal; 5 , hemolvtic; e, lethal, necrotic; 
5 ., lethal. 
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So far only tlie A tj’pe, the classical C. wclchii of ^Velch anfi Nuttail, 
has been isolated from gas gangrene of man or from the human intestine/** 
though as stressed by the latter authors, there appears to be ample oppor- 
tunity for human infections 'with the animal types. 

Earl}’' work on the production of C. wclchii in'\''oh*ed cultiva- 

tion in a complex meat infusion medium. MacFarJane and Knight 
(1941)/^ working with Type A, simplified the medium and greatly increaser! 
the yield of a toxin. 

The older methods of nssaying a toxin consisted in determinations of 
lethal effects by intravenous injection generally in mice, in vitro deter- 
mination of hemolysis and necrotic effects by intradermal injection.'*^ 
Nagler (1939)°^ observed a specific reaction between a toxin and normal 
human serum. When the tw’o are mixed an opalescence occurs. MaeFar- 
lane et aL (1941)^® have since shown a similar reaction to occur when 
toxin is mixed with the crude lecitho-vitellin solution obtained from egg 
yolk. Van He^migen (1941)^ has improved the quantitative features by 
estimating the toxin on the basis of the amount of turbidity produced and 
MacFarlane and Kniglit have shown a parallelism betw^een toxicity, 
turbidity of egg yolk solution and Jecithinase activity. 

It remains to be demonstrated how satisfactory this a toxin produced 
on MacFarlane and Knight's type of medium and determined by lecithinaije 
activity may be in the production of C. wclchii toxin and antitoxin but it 
appears to have made possible the efficient production of tliese agents, 

C. wclchii Antigens. Little w^ork lias been done on the antigenic differ- 
entiation of A, B, C and D types beyond the specificity of toxins b\it 
among A types it has so far been impossible to establish antigenic relation- 
ship. Most reports based on agglutination reactions have indicated com- 
plete antigenic heterogenicity, Meisel (1936)®* did find 6 of 10 Type A 
cultures belonged to one serologic group, but Reed and Orr (1910)’®" 
found that of So Type A cultures, 6 showed close antigenic relationship 
on the basis of agglutination and precipitin reactions; a few' others show 
overlapping of antigenic components and the })alanee show no antigenic 
relationship. Similarly Henderson (1940)^^^ found the 0 antigen of Type A 
to be strictry strain specific. 

C. scpticum Toxin. This species produces a monot^’pic toxin notw’itli- 
standing somatic antigenic differences, Robertson (1919^20)/^ Bengston 
(1933, 1934),^ Pasternack and Bengston (1936)^ have showm that the rapid 
killing on intravenous injection of the toxin is due to a specific toxin on 
heart muscle. Walbum and Re^mann (1936)®"®*^ liavc obtained good 
yields of toxin on an infusion-peptone medium. 

C. scpticum Antigen, Felix and Robertson (1928)*^ indicated an H and 
0 antigen in this species. They originiilly distinguished 4 types on the 
basis of H agglutinins and later Davesne (1928)^® recognized 6 type>. 
Bengston (1933),^ how'cvcr, could only identify 4 types. The .<evcnil 
H antigenic iypeSf Felix and Robertson (1928)*^ found to possess clo^eI> 
related O antigens and Henderson (1934, 1935)^ found the 0 antigens 
Types II and IV to be identical and distinguishable from those of Typ(*s HI 


The 0 antigens of this species have a further interest. Rohert.^on and 
Felix (1930)^^ claimed type specific protective value of 0 immune scrum. 
Though questioned by IVeinherg, Davesne and Haber {1932)/'’^ 
and FelixV* results have been confirmed by Henderson (103*^ I93a). 
These considerations should he kept in mind in connection with the 


of antitoxic sera. 
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C. novyL Walbum and Reymann (1937)®’*^ have obtained good yields 
of a specific toxin on an infusion-peptone medium. _ 

It is impossible to come to any conclusion at this time concerning the 
identity of some 3 or 4 variously described “ species/’ largely on account of 
conflicting reports of toxin specificity. C. iiovyi is generally regarded as 
synonymous with C. cedematiens of Weinberg and Seguin.®® But Weinberg, 
Nativelle and Prdvot (1939)^®^ find antisera will neutralize toxin from all 
strains of C. oedemaiicns but not toxins of C. novyi. They also find that 
''Bacillus belloncnsis” of Sacquepee (1916)®^ produces a specific toxin. 
They therefore consider the three to be valid species. 

C. sordcllii, C. bifemeniam, C. ocdcmatoidcs. There has been much 
difference of opinion as to the identity of these three problematical species. 
C. sordcllii, described by Sordelli (1923)®® and Hall and Scott (1931),®® and 
C. ocdcmatoidcs, described by Meleney cf al. (1927),®® were shown by Hall 
(1929)®® to give cross-agglutination reactions as rvell as identical bio- 
chemical reactions. The latter author therefore suggested that they were 
identical and on the basis of priority proposed the name C*. sordcllii. 

Later Clark and Hall (1937)*^ found cross-agglutination reactions with 
C. bifcrmcnians and Stewart (1938)®®“ found C. bifermcnians antiserum 
protected against C. sordcllii toxin. 

C. sporoycnes. Hall and Stark (1923)®’ claimed some degree of homo- 
genicity of all strains on the basis of agglutination, but Zeissler and 
Rossfield (1928)’®® recognized three groups. On the other hand, McClung 
(1937)^®“ and Smith (1937)®® found some antigenic relationship with 
C. parahotidinwn and C. hisiolytimvi. 

Other Species of Clostriditim. Agglutination studies on several other 
pathogenic species have been of value in establishing identity: C. parci- 
piiirificuni and C. capiiovalis,^'^’^ C. difficile, C. carnis and C. fallax.^^ 
6. Factors Which Influence Infection by Clostridia. The more impor- 
tant gas gangrene species are widely distributed in soils and animal feces. 
Zeissler and Neller (1927)’®’ found the following distribution in 200 Euro- 
pean soil samples: C. welchii present in 100%, C. novyi 45%, C. scpiiciim 

8 %, C. histohjiicum 2%- 

This wide distribution, together with the fact that pathogenic Clostridia 
are frequently found in wound exudates where there is no e^ddence of 
Clostridial infection, raises the question of factors wdiich permit or promote 
the development of infection. Fildes (1927, 1929)®®®’*' has shown that in 
the ease of C. tetani spores will germinate in the tissues only when the 
surrotmding fluid is poised at an Eh of -fO.Ol volts or more negative 
oxidation-reduction potential. Plotz and Geloso (1930)’® extended these 
ol>servations. We know that C. icckhii and certain other species of the 
gas gangrene group will germinate and grow at a less negative 0/R poten- 
tial. However, this appears to be the most important factor in the devel- 
opment of Clostridial infections. 

Several simple circumstances contribute to the production of favorable 
oxidation-reduction potentials in wounds. Tiiese may be summarized as: 
deep wounds in which air is e.xcluded, the presence of detdtalized tissue, 
toxic substances, foreign bodies, bacterial toxins. Dead or partiallv 
devitalized tissue, especially muscle, from which air is e.xcluded, tends to 
assume a reducing potential. Certain substances, which may be intro- 
(luccd luto u wound* 4\s cnlciuiu suits* foreign bodies ns cloth or soil, tend 
to promote necrosis and a reducing potential. It is obvious that a single 
.spore or group of spores may be enclosed in microscopic masses of necrotic 
muu'r\ul winch, with the e.xclusion of air or circulating blood, mav become 
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sufficiently reducing to permit germination. Once germination and growth 
of a toxin forming species has occurred the accumulation of toxin will 
promote necrosis, reducing potentials, and thereby the spread of infection. 
On the other hand it has been shown by several authors that spores 
or even active vegetative organisms of several species of the gas gangrene 
group may be injected intramuscularly into animals without producing 
more than a slight transient reaction. Turner’s results suggest, moreover, 
that spores which have been injected into tissues or introduced into wounds 
where^ they fail to germinate may develop at a considerably later datn 
follow'ing injury or an unrelated infection Avhich provides the necessary 
conditions for anaerobic growth. 

In the production of experimental gas gangrene in guinea pigs, Reed 
and Orr (1942)'^^ found the following procedure the most efficient of 
several procedures tested : a wound was made deep into the thigh mnscu* 
lature, a fragment of excised muscle was placed in the lumen of the wound, 
0.1 gm. of finely divided sfcrilc soil and 1 drop of a 1 to 10,000 dilution of a 
young broth culture of the organism was added. The wound was then 
tightly closed with two rows of continuous sutures, one in the muscle, one 
in the skin. 

Once spore germination has occurred and a local infection become 
established, extension of the infection is ordinarily rapid. It may remain 
localized in the wound, spread into a single muscle or group of muscles, 
spread into an entire segment of a limb or in the fulminating type there 
may be a general spread in ail directions. The most important factors in 
the spread are fibrinolytic enz\Tne/^ and toxin produced by the organisms. 

Kropp and Smith (1941)*^^ have shown that the earliest and most pro- 
nounced effect of the infection is to be seen in the connective tissue of the 
wound. Rapidly spreading edema appeared, involving first the subcuta- 
neous connective tissue and a little later connective tissue of muscle 
bundles. AYithin o hours, in the c<ase of C, ivclchii wound infections m 
guinea pigs, collagen fibers are swollen and fragmented and the cellular 
elements of the connective ti.ssue largely broken down. Tin’s is to be .‘^’ceu 
not only where organisms were proliferating but beyond the margins where 
organisms are not detectable. At this stage and for some hours, connective 
tissue destruction with healthy skeletal muscle adjacent to it is the rule. 
There is no indication of muscle destruction in the absence of uf least 
partial destruction of adjacent connective tissue. Gas spaces arc cnrly 
apparent as an accompaniment of edema. Blood-vessels of the connective 
tissue and muscle are thrombosed and frequently the endothelium of their 
walls rupture. Later destruction of muscle occurs and the infection appea^ 
to spread in the muscle. As the muscle is invaded, organisms make their 
way from the wound toward its extremities until it is totally flcstroyc<i« 
Frequently distinct zones appear. At the actual wound the muscle may 
be black, friable and difiuent, succeeded by a deep red zone and .‘?ornetimc> 
a yellow band appears adjacent to a healthy portion. Gas can be demon'' 
strated, first as bubbles between the muscle fibers and later in the surround- 
ing areolar tissue. 

PAt/sical Sign^. These differ widely. In a strictly localized gas gangrene 
infection the only sign may be a fouLsmeffing discharge containing 
bubbles. As the infection spreads, swelling of the part appears and yidd*' 
a tympanic note on percussion. At a further stage the .swelling incTea^<*^* 
the skin acquires a du<ky hue and tympanitis and crepitation bec^mR* more 
marke^l. Still later the ^k^n shows mottling with purple patches and finany 
bt^mes greenish yellow. At times, however, the pmgrene of deep 
mav he far advanced though covered by apparently nonna! skm. 
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Pathologic Anatomy. Details of the late pathologic changes are ade- 
quately described by Kettle (British Committee Report on Anaerobic 
Infection, 1919), Eliot (Medical Department of the U. S. Army in the 
World War, Vol. XI, 1927) and others. 

Physical signs and gross pathology of infection by the different gas 
gangrene species of Chstridimn do not differ very widely. In the case of 
infections with C. septicwn or C. novyi there tends to be a more copious 
accumulation of mucoid material in the subcutaneous spaces and between 
muscles than in the case of C. welchn infections. In the former this 
material is more deeply blood stained and the skin ordinarily appears more 
deeply discolored. In the case of C. sordellii infections of animals the 
appearance is more like that of C. septicuvi or C. novyi than C. welchii. 
Where wound infections are complicated by the presence of proteolytic 

species, especially C. - vraptitrificum or C. kistolyticum the 

exudates tend to be and the local tissues of the infected 

wound tend to undergo slightly more rapid destruction. 

7. Treatment o! Gas Gangrene, (a) Toxoids. In a previous section, 
knowledge of toxin production by the principal gas gangrene species Avas 
reviewed. C. welchii toxoid has been prepared by Penfold and Tolhurst 
(1937, 1941), Plummer (1939)’^ and SteAvart (1940, 1942).®-*'”'' The 
latter author has shoAA'n that C. welchii toxins may be detoxified Avith 
0.3% formalin, concentrated by ammonium sulfate precipitation and 
finally precipitated AA'ith alum. Guinea pigs AAuth circulating antitoxin, as 
a result of immunization Avith this toxoid, are protected against many 
lethal doses of C. welchii toxin or culture. 

C. novyi and C. scpticim toxoids have been prepared by "Weinberg and 
Barotte (1929)®® and other AA'ork is noAv in progress in scA-^eral laboratories 
on the more efficient production of these toxoids. As indicated in the 
earlier section on toxin production this Avill probably be successful. 

It has been suggested that C. welchii toxoid, AA'hich is iioaa^ available or 
could readily be made aAvailable in quantity, should be used in the army as a 
prophylactic measure. And, if and Avhen C. scptmmi and C. novyi toxoids 
become available they should be combined AA'ith that of C. tcclchii. It is 
probable that these toxoids could be combined AA'ith T. A. B. vaccine — 
tetanus toxoid. 

In these considerations for the future it must be remembered that gas 
gangrene is both a toxigenic and highly inA-asive infection. It is quite 
possible that active antitoxin immunity Avill prove to be inadequate. 

{h) Antitoxin. Reports of the use of gas gangrene antitoxin either 
prophylactically or therapeutically are conflicting. The best of the last 
Avar reports are from lYeinberg and Seguin (1918).®® Of 50 AA-ounded, 
treated Avith a polyA'alent C. welchii, C. sepiicum, C. novyi serum 5 to 
IS hours after injury, 25 died Avithin a day Avithout slioAA-ing gas gangrene; 
the remainder recovered Avithout developing gangrene. If these cases had 
folloAved the general average, 1 to G should have developed the disease. 
Of 30 patients with developed gas gangrene aa’Iio Avere giA-en polyA-alent 
scrum, 19 recovered. At the same time, of C6 gas gangrene patients Avho 
were giA-en no scrum 35 died. NcAvell (1939)«‘ has advocated the early 
intravenous use of large doses of pol.VA-alent antitoxin. 

Gordon and I^IcLcod (1941)®^ liaA'e recently shoAA-n that specific anti- 
wxic sera give good results in experimental C. welchii, C. sepiicum or 
r. 7wryi ga.s gangrene in guinea pigs. 

The best method of preparing antiserum is still in question. Antitoxic 
serum prepared in horse.s by immunization first Avith formalized then AA'ith 
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pure toxin lias given good results against experimental toxemia. But, a.s 
previously noted, Robertson and Felix (1930)®' and Henderson (1934, 
1935)®'*''" have indicated that an antibacterial serum produced with the 
O antigen of C. sepfietm is superior to antitoxic serum in the prevention 
of this infection in experimental animals. 

(c) Roentgen Ray. Kelly and Dowell (1936)®' have advocated the use 
of Roentgen ray in treatment of gas gangrene. The results are far from 
convincing. 


Table 4.— Effectt of Sulfanilamide and Two DERnwTiVES on Guinea Pios 
Inocl^lated With 10 Minimum Lethal Doses of Cl. Welchii 
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.\verape 






suniral 
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Locally 

in 

Recovered, 

Died, 

time. 
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wound Orally 

% 

% 
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SxOfanilamide 




23 ... . 

. Nil 

Nil 

0 

100 

25 

lo . . . . 

. Nil 

0.1, twice daily 

0 

100 

33 

20 ... . 

. 0.15 

Nil 

40 

GO 

S7 

30 ... . 

. 0.15 

0.1, tmee daily 

42 

5S 

103 



SuJfathiazoJe 




25 .... 

. Nil 

Nil 

0 

100 

2G 

5 . . . . 

. Nil 

0.1, twee daily 

GO 

40 

100 

01 ... . 

. 0.15 

Nil 

97 

3 

1G9 

o . . . . 

. O.Io 

0.1, twice daily 

GO 

•10 

170 



Sulfadiazine 




5 . - . . 

. Nil 

Nil 

0 

100 

H 

10 ... . 

, 0,15 

Nil 

SO 

20 

SO 
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^ 
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% 

% 

hours 



5 ulfa n t7n m ide 




15 

, Nil 

Nil 

0 

100 

.35 

5 

Nil 

O.I , twee daily 

0 

100 

7*^ 

S 

0.15 

Nil 

25 

in 

sl 

5 

0.15 

0.1, twice daily 

20 

SO 

114 



SulfathiazoU 




15 

Nil 

Nil 

0 

100 

.37 

5 

Nil 

0.1 , twice daily 

100 

0 


15 

0.15 

Nil 

S7 

13 



0.15 

0.1 . twice daily 

SO 

20 

rir, 



Sulfadiaziy^e 




5 

Nil 

Nil 

0 

100 

;u 

10 

0.15 

Nil 

100 

0 



{(1) Chnnothrrapii, Early work on chemotherapy of experimental gas 
gangrene in animals in which sulfonamides were administered orally gave 
indifferent results. Stephenson and Ross (1040).^^ Later e.xpcriments in 
which sulfonamides were given locally in the experimental infected wounds 
yielded highly successful results.^'*^®*^*’^ *^ 

The results of one series of experiments"^ *' *^ are suinniarizcd in Tahks 4 
to 7. Results ohtainefl by Hawking (1941).^” IMcIntosh and Selbie (1941)''* 
and Bliss. Long and Smith (1942)^ are. in general terms, similar. Tlu‘:*e 
data are based on experiments in guinea pigs in whieli ex'perimental wound 
infections were established by a method described in Section of this 
paper. AVherc oral treatment was iiserl the first dose was given I hour 
previous to wounding and continued, 2 clones per day. O.I gin. fx-r do-e 
in 300 gm. guinea pigs. In local treatment the ilrug. as a dry powder, w:i< 
introduced at the time of infecting, a single dose of 0.15 gm. for 300 gin. 
t-uinea pics, or at various inten'als after infection. 

In general it wll be observed from Table's 4 to 7 that oral treatment 
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was definitely inferior to local wound treatment, although with the more 
efficient drugs, sulfathiazole and sulfadiazine, the contrast between local 
and oral treatment was not as great as with the less efficient sulfonamides. 

As indicated in the tables, sulfanilamide was least efficient and sulfa- 
thiazole and sulfadiazine most efficient of those tested. SuIfapjT'idine, 
sulfamethylthiazole and sulfanilylguanidine (not shown in the tables) were 
intermediate in their action between sulfanilamide and sulfathiazole or 
sulfadiazine. 


Table 6.— Effect of Sulfanilamide and Two Derivatives on Guinea Pigs 
Inoculated With 10 Miniaium Lethal Doses of C. Novvi 



Medication, gm. 



Average 







survival 

Number of 

Locally in 


Recovered, 

Died, 

time, 

iinimals 

wound 

Orally 

% 

% 

hours 



Sulfanilamide 




15 . . . 

. . Nil 

Nil 

0 

100 

35 

IS . . . 

. . Nil 

0.1, twice daily 

22 

78 

55 

25 . . . 

, . 0.15 • 

Nil 

24 

70 

09 

2Z , . . 

. . 0.15 

0.1, twice daily 

22 

78 

97 



Sulfathiazole 




8 . . . 

. . Nil 

Nil 

0 

100 

46 

5 . . 

. . Nil 

0.1, twice daily 

too 

0 


20 . . . 

. . 0.15 

Nil 

85 

15 

109 

5 . . . 

. . 0.15 

0.1, twice daily 

80 

20 

102 



Sulfadiazine 




5 . , . 

. . Nil 

Nil 

0 

100 

31 

10 , . . 

. . 0.15 

Nil 

40 

60 

121 


Table 7.— -Effect of Sulfanilamide and Two Derivatives on Guinea Pigs 
Inoculated With 10 Minimum Lethal Doses of Cr.. Sordeli.ii 



Medication, gm. 



Average 



.'V 



survival 

Number of 

Locally in 


Recovered, 

Died, 

time. 

animals 

wound 

Orally 

% 

% 

hours 



Sulfanilamide 




n . . . 

. . Nil 

Nil 

0 

100 

32 

5 . . . 

. . Nil 

0.1, twice daily 

0 

100 

52 

3 . . . 

. . 0.15 

Nil 

60 

34 

56 

5 . . . 

. . 0.15 

0.1, twice daily 

40 

00 

82 



Sulfathiazole 




5 . . . 

. . Nil 

Nil 

0 

100 

24 

17 . . . 

. . 0.15 

Nil 

0 

100 

62 



Stdfadiazine 




5 . . . 

. . Nil 

Nil 

0 

100 

21 

10 . . . 

. . 0.15 

Nil 

0 

100 

05 


Of the four most important gas gangrene species of Clostridia tested, 
it is apparent from the tables, C. tvelchii infections were most readily 
controlled; C. scpticiim and C. noi'yi less responsive but well controlled by 
sulfathiazole. C. sordellii infections were not significantly influenced by 
any chemotherapy tested. It has been previously noted, however, that 
C. sorddlii is a relatively rare organism. In mixed infections or where one 
or more of C. icdchii, C. scpticum or C. norpi was introduced along with 
C. symogcncs or C. histolyiicum, chemotherapy was as effective as against 
a single infecting organism. 

. When gas gangrene infections were permitted to become well established 
'» the animals before chemotherapy was started, results were inferior or 
negative. In experimental animals where fatal infections developed in an 
average of 25 to 35 hours, a delay of 3 hours in initiating local treatment 
had no significant influence on the effects of chemotherapy. A delay of 
0 to t) hours, when infection was established and extended well beyond* the 
local site of the wound, chemotherapy proved to lie only slightly effective. 
Longer delay rendered the chemotherapy useless. 
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The advantage of local over oral administration appears to be largely a 
matter of local concentration in the infected or potentially infected tissues. 
Reed and Orr (1941)’^^^**^ have shovTi (Fig. 1) that when sulfanilamide or 
sulfathiazole are introduced into experimental wounds the concentration 
of drug in the musculature of the wounded leg is much higher than in the 
blood stream. In contrast when the drug is administered orally the con- 
centration is the same in all tissues as is to be expected from the results 
of Marshall, Emerson and Cutting (1937)."^^ 



Fig. 1. — Changes in coi^centration of sulfanilamide (solid lines) and sulfathiaiolc 
(broken lines) in blood, normal muscle of leg and wounded muscle of log followng n single 
0.15 gm. dose applied locally in the wound. 


The large concentration of sulfonamides in wounds docs not appear to 
impede healing.^® Reed, Orr and Anderson (1942)*^ have shown that sulfa- 
thiazole up to SO mg. per 100 cc. in serum does not retard the growth of 
fibroblasts in tissue cultures. In higher concentrations growth of fil>rr>- 
blasts is inhibited but if after several days' exposure to saturated soluOon> 
of sulfathiazole the cells arc transferred to normal serum characteristK* 
growth occurs. Reed and On* (1942)*^^ liavc also shown that polymorpho- 
nuclear leukocytes are able to phagocytosc staphylococcus at a normal rate 
in the presence of concentrations of sulfathiazole up to SO mg. per 100 ee. 
Kropp and Smith (1941)^' found that in experimental gangrene in guinea 
pigs treated locally with O.Io gm. of sulfathiazole there is a massing of 
leukocytes and vsmall lympliocyte-Iikc cells at the periphery of the wound 
or a few millimeters beyond it which began to appear a few hours after 
infection. This t'ondition was absent in untreated animals. Maee,' 
(1941)** and IClcpser and Veal (1942)^^ state tliat human skin grafts develop 
nonnally in the presence of large concentrations of sulfaniiarnifle aru 
some of its derivatives. • ? 

In applying these animal n^sults to man it cannot l)c einpha'^>7(‘<i 
strongly that they indicate chemotherapy to be a propliyluctie and not a 
definitiVe treatment of g:is gangrene. Sulfonamidt'S should be appljcd 
soon as possif)le after a wounri has hern inflictwl. wirfr the ohjVcfive o. 
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retarding a possible infection until circumstances permit proper surgical 
procedure. It is impossible to suggest time limits, as no two wounds are 
alike or receive similar inoculations, but it is evident that the drug must 
be introduced before there has been any extensive gas gangrene infection — 
this may be a matter of a few hours or it may be safely delayed for several 
hours. 

Surgical treatment should be introduced regardless of how early the 
sulfonamide may have been introduced. As Fletcher and Raven (1940)*- 
and Ogilvie (1940)®* suggest, the surgery will depend upon the condition 
of the patient. The procedures include: complete excision of the wound 
with removal of foreign and injured or infected tissue. All muscle tissue 
showing departure from the normal should be excised. To accomplish this 
it may be necessary to excise a complete muscle from origin to insertion, 
or even to sacrifice a group of muscles. In the case of fulminating infection, 
amputation maj'^ be necessary. If chemotherapy is applied early and the 
drug well distributed in or over the wound area extensive infections should 
be rare. 

When debridement is complete sterile sulfonamide may again be 
applied. Present knowledge suggests that sulfathiazole or sulfadiazine are 
the most valuable. 

Many surgeons at the present time supplement local chemotherapy and 
debridement with the Orr-Trueta immobilization procedure.®^ The early 
Trueta procedure of immobilization without chemotherapy as a means of 
preventing the development of gas gangrene has been questioned by many 
bacteriologists. In experimentally infected animals it has proven to be a 
failue.’®-^ 

(c) Combined Chemotherapy and, Serum Treatment. There is nothing 
to contraindicate the combination of these two forms of therapy. Hender- 
son and Gorer (1940)®® have shown that in the case of C. septicum in e.xperi- 
mental animals, sulfapyridine and antibacterial serum are more effective 
than either drug or serum alone. Reed and Orr (1942)'®'^ have shown, in 
a small group of animals infected with C. sordcUii that a combination of 
sulfathiazole and specific antitoxin resulted in recovery, whereas either 
treatment alone had no significant influence on the infection. 

APPENDIX 
Media for Clostridia 


The following media were suggested by Reed and Orr (1941)'“. for the isolation 
and identification of gas gangrene Clostridia. 

1. Plating Mcdm, Surface Colonics, (a) Blood agar is satisfactors^ for most 
purposes and has the added advantage of differential hemolytic reactions, (b) 
Clear plating media has certain advantages in the differentiation of colonj* types. 
Two formula; have given equalh' good results: 


A. Brewer’s sugar-free broth, desiccated 
Dextrose 

.\gar . 

"Water . 

.\diust to pH 7.G 


62.5 gm. 
1 gm. 
20 gm. 
1000 ml. 


B. Proteose peptone . 
XaJIPO, . . . 

Dextrose 

Sodium thioglycolato . 
.Agar . . . . . 

Water 

Adjust to pH 7.6 


20 gm. 
2 gm. 
1 gm. 
1 gm. 
20 gm. 
1000 ml. 
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2, Plating Media, Subsurface Colonies, For subsurface colonies either ^4 or B, 
above, with 7.5 gm. of agar to the liter have been satisfactory*. This is the procedure 
of Greenberg (1941)"5 except that he used test tubes, whereas we prefer to use plates 
in anaerobic jars. 

3. Fluid Media for Biochemical Reactions, (a) Milk: Of several preparations 

tested, the most satisfactory^ has resulted from following the suggestion of 
Hastings and McCoy’^ (1932)29 reduced iron.” More uniform results have 

been obtained with dried skim milk than with fresh milk. Bacto dried milk and a 
commercial Canadian product, milkite, have proved equally* suitable. One hundrwl 
grams of dry milk is mixed with 1000 cc. of cold water, strained through gauze, 
adjusted to pH 6.8 (more alkaline milk darkens on autoclaving) and dispensed to 
tubes to which 0.05 to 0.1 gm. of reduced iron (Merck's “reduced with hydrogen”) 
had previously’’ been added. In this medium 5 to 100 organisms provides a suitable 
inoculum. Stormy’^ fermentation, when it occurs, is generally* marked in less than 
24 hours. 

(5) Sugar-free base for fermentations: 


Bactopeptone or proteose peptone 20 gm. 

Sodium chloride 5 gm. 

Sodium thioglyxolate 1 gm. 

Agar ... ... 1 gm. 

Water 1000 cc. 


For fermentation reactions the sugars should be sterilized by filtration and addwl 
to the sugar-free base after autoclaving. Bromthymol blue is a satisfactory* indh 
cat or, but since it tends to be reduced during the growth of anaerobes it is added 
at the end of the growth period and the reactions are read at once. Cultures in 
the sugar-free base or with a non-fermentable sugar present remain on the alkaline 
side of this indicator. Fermentable sugars, without exception, arc sufficiently 
broken down in less than 24 hours to give a frank acid reaction. Production of gas 
has not been considered, as some species produce it from peptones. 

The most significant differences between the 20 odd species of gas gangrene bacilli 
are to be seen in their action on dextrose, lactose, maltose, salicin and sucrose. 

(c) Liquefaction of gelatin: TIic best results have been obtained with the following 
formula: 


Gelatin 

50 gm. 

Bactopeptone 

. . 10 gm. 

Sodium phosphate (NarHPOi) 

2 gm. 

Dextrose .... 

1 gm. 

Sodium thioglycolatc . : . 

1 gnn. 

Water .... 

. . 1000 cc. 


All species in the group grow rapidly in this medium. Those which liquefy 
gelatin within 10 days give an extensive or a complete reaction witljin 24 bout>* 
This medium without peptone gives good results, but a few species, esperi.nlly 
C. ietanif grow sparingly. 

This Is essentially* the medium recently dcscriijed for toxin production. As wii 
he noted later, the same culture may bo \iscd to measure gelatin Ikpiefaction and 
toxin pro<luot!on. 

(rf) Prcyiuction of hydrogen sulfide: Most if not all species of gas gangrene organ- 
isms produce at least a trace of hydrogen .«julfide if a suitable .sub'll rate i." suppln d 
and a sufficiently sen.^itivo indicator is use<L Mwlia containing appreciable arnonnt- 
of sodium thioglycolatc, ry'stine, glutathione and probably other sttlfhydrihcon- 
taining compound.^ yield con.cidcrable hydrogen sulfide with nil sped(*s 
On the other hand, mediums containing 1 % to 2% of peptone rich in organic «uh»r. 
such as proteose peptone, and one of the it^ual forms of iron as an indicator 
darkening with all species testetl. Spray (1036)’^ apparently rc‘COgnirfd th*'**' 
facts and developed a rather curious lead acetate medium, wliicfi we have h^^n 
unable to reproduce with any uniformity. t ' t , n 

Under these circumstances it .‘■eemed desirable to s/dcct a 
give a clear-ctit po-itive rc-.tetion 'tiith n !arc»^ to m<vhratc yield of hydfos^ n ' 
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and would give a negative reaction with minute traces, Pwo media fulfill these 
specifications fairly satisfactorily, producing readable reactions in 24 hours or less 
which agree moderately well with the conflicting records concerning the several 
species. 


A. Proteose peptone 20 gm. 

Sodium phosphate (NaiHPOj) 2 gm. 

Dextrose ^ Em. 

Agar ^ gm- 

Water 1000 cc. 


___ ^ ^ ^ 

precipitate which, however, remains after autoclaving m reasonably stable suspension, 

B. Modified from Hunter and Crecelius (193S). 

Proteose peptone . . 20 gm. 

Sodium phosphate (Na2HP04) 2 gm. 

Agar 1 gm. 

Dextrose 1 6^* 

Water . 1000 cc. 


Dissolve, adjust to pH 7,6 and add 10 cc, of 1,5% bismuth and ammonium citrate. 
This ordinarily produces a solution which remains cleat after autoclaving, 

(c) Formation of indol: The sugar-free base (described under media for sugar 
fermentation) serves satisfactorily as a test medium for indol formation, but the 
following mixture gives more consistent i^esults: 


BactotryiHonc . , 20 gm. 

Sodium phosphate (NaiHPOd 2 gm. 

Dextrose 1 gm. 

Agar 1 gm. 

Sodium thioglycolate 1 gm. 

Water 1000 cc. 


All indol formers in the group give in this medium strongly positive reactions 
in 24 hours with Ehrlich^s reagent. 

It has been shown by Reed (1942)’® that certain species which give negative 
reactions for indol do so because the indol is broken down as rapidly as formed. 
This is not considered in the tabular statements (Table 1). All species which give 
a negative reaction for indol are included among those which do not form indol. 

(/) Bcduclio7i of nitrate: Cultures at 24 hours in the following medium give 
<*!car-cut reactions for nitrite with Tittslcr’s (1930)^^ sulfanilic acid, dimethyl-a- 
naphihylamine reagent: 


Bactolomtonc . . . . . 

Sodium phospliatc (Na:HPOi) 
Dextrose . . . . 

Agar . , . , 

Potassium nitrate . . . . 

Water 


20 gnu 
2 gm. 
1 grm 
1 gm. 
1 gm. 
1000 cc. 


It has been shown by Reed (1942)’® that certain species of Clostridium fail to 
reduce nitrates; others redvice nitrates to nitrites, and still others reduce nitrites as 
formed to ammonia. In this paper, liowever, the former and the latter arc grouped 
together, as has been done in the past, as species which fail to accumulate nitriles. 

((?) pccomposition of prokin: The active proteolytic species give readable reac- 
tions in 24 to 4S houm on a variety of media. Less active species give indefinite 
results for long periods. The most rapid results have been obtained with a medium 
consisting of equal parts of one of the plating media (described above) and skim 
milk, in plates. The milk is prepared as described in (a). 
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Ma.n’y definitions of Epidemiology found in medical literature or heard 
in discussions of the subject tend to restrict this field of medical science 
to the u.se of particular methods, or to reflect some particular kind of 
disease problem under study. Others, such as the statement that epi- 
liemioiopy is the natural history of the disease, are so general that thev 
fail to define just what is involved. 

Rwently, the editorial question in the “JwmVcu Journal of Piibitr 
llralth, ' “Vhat and who is an epidemiologist?” called forth a running 
stream of definitions. iVIost of these Nvero busied witlj demands for partic^ 

* On active M'tA-ice in the Amied Force.'^ of t!ic Uuited State.-^. 
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alar personalities, qualifications, skills or techniques, for establishing facts 
in one situation or another, or in one disease or another. All in all, they 
had the effect of limiting epidemiology to t])e doings of a few rare indi- 
viduals and using relatively few special skills, rather than lea\dng elbow 
room for the pursuit of the real objective in whatever manner, or by 
whoever may be suited for the purpose. 

Rather than Who is an epidemiologist? we should ask What is epi- 
demiology?* One says it is the investigation of the extent, source and 
control of an epidemic ^ another, that it is the study of past cpideinu^. 
Some define it as the staiisiieaJ study of disease. Still otliers set it up not 
as a science, but as a sort of mystery to be unraveled, either by the gum- 
shoe or shoe leather method.^ But John Bard in 1749, before the Weekly 
Society of Gentlemen of New York said, ail the subjects on physical 
knowledge there are none so amazing or wliicli afford more useful .specula- 
tion than the history of epidemical diseases. By epidemical diseases are 
meant general or spreading disorders attacking great numbers within the 
circle of its appearance at or near the same time;-— proceeding from the 
contagious affection of the air and sometimes propagated by a contagion 
received from one, to another person unaffected.’*^ Nearly 200 years later 
Frost said, “Epidemiology is something more than tlie total of its estaib- 
lished facts. It includes their orderly arrangement into chains of inference 
which extend more or less beyond the bounds of direct observation/ 
This modern version of Bard’s “useful speculation” is probably most 
important of all, for the very magnitude of tlie phenomenon under study 
is reason for extending beyond the bounds of direct observation. 
demiology is an attempt to understand disease, not so mucli as it affects 
the individual or as it behaves at a given time or place under the eye of 
the observer, but rather as it imposes itself upon whole groiips of people 
without limits of size, time or space. The circumstances falling between 
cases may be of more significance than the cases themselves. In elinicai 
medicine, the case begins with the onset of sickness, and terminates when 
the patient is feeling well again; hut in epidemiology, the case begins 
when the patient is infected, and lasts as long as he is infective. In certain 
diseases tlie two may closely coincide, f)Ut in many, tliey may he ^yldcly 
or even totally divergent, for in certain diseases, even tlie majority of 
infected and infective individuals never have any sickness at all. In 
otliers, in feet ions ness may precede or long outlast the clinical disease. 
Thus, for epidemiologic purposes, the silent periods— the incubation 
period, infectious period or healthy carriage — may be even more important 
than the manifest illness. Again, many of the features of disease moycinciU 
in a population are not amenable to direct observation, and even if tnc> 
are, it is only on .small samples from which inferences must )?e flrawn m 
regard to tlie whole. 

Disease can be seen wlien anrl where it occurs, but its infectiou-^ a;:cnt 
<*annot be seen when it is spreading. For this reason, epidemiology to a 
(‘onsiderable extent has been tlie formation of inferences in regard to ho a 
infectious agents sprearl from the distribution of rli-^ease which 
from it. Time and place relationships between casf^s are the **<*-itabhMHS 
facts” which afford the Julnis for “chains of inferenee.“ Ili/y^ehs 
nnd (konrnphic Pnikoln^if in its time was epidemiology at its liuer-t, u’. 
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without the aid of tlie as yet unborn science of microbiology he pains- 
takingly recorded the distribution of disease and drew inferences from it 
as to how its microbic agent was spread. From the point of view of present 
day knowledge, his inferences were often discrepant, but usually only 
insofar as knowledge of the fields into which they lead were discrepant. 
For example, his conclusion that malaria was due to “processes of decom- 
position set up in organic matters” was right, broadly speaking, as far as 
it could go in 1880. He correctly associated the disease with something 
developing in water under particular conditions. Knowledge of just 
what was brewing in tlie water had to wait advances in knowledge in the 
field of “decomposition of organic matter” itself. But the coirditions 
flefined by lu'm under which malaria occurred might be recognized at 
once in the light of present knowledge as those under which Anopheles 
thrives. 

However orderly such chains of inference may be, their correctness is 
dependent in part on the weight of the circumstantial e\ddence on which 
they are based, and in part on knowledge in the fields into which their 
interpretations lead. As Frost well stated it, “The theories of epidemiology 
which have been recorded at successive times have been limited in their 
approach to present conceptions, not merely by the limits of the facts 
known at the time, but equally or even more by the status of contemporary 
knowledge and thought in other fields, since this has largely governed the 
interpretations given to the facts.” 

The function of a hypothesis in epidemiology is therefore twofold: 
(1) to arrive as near a conclusion as possible through preponderance of 
circumstantial evidence; but, (2) perhaps more largely and equally impor- 
tant, to form a plan or pattern to give direction to subsequent studies, 
or to carry a question wliich has been raised in the course of studies in 
one field of science across the boundary to other fields for further in^’esti- 
gation. 

The ideal manner of progression in furthering knowledge would be to 
form a hypothesis from initial studies to be borne out, amended, modified 
or rejected in accordance with each additional investigation in the fields 
into which it has led; and only when the sum total of the evidence has 
become conclusive, to use the legal e.xpression, beyond a reasonable doubt, 
or the hypothesis has been thoroughly tested or suitably amended by tests 
in other fields to allow it to be accepted as a conclusion or doctrine. An 
example of this sort of sound hypothesis is seen in Hirsch’s compilation of 
data concerning the history and geography of malaria, culminating in the 
slateincnt that, ‘'lYe shall not proceed far in explaining the endemicity 
of the fever without the assumption of a material and specific poison, the 
development of which depends on processes of decomposition of organic 
matter \mder the conditions laid down in the ‘swamp theory’.” 

How well Hirseh succeeded in e.stablishing facts can best be shown by 
the following quotations from his discussions. “ Among the factors which 
detevn\ine the occurrence and diffusion of the malarial diseases, climatic 
an<l telluric conditions hold first place. The dependence of malaria pro- 
iluction on climatic influences, of which the geographic distribution over 
the globe has already given us indications, is brought out in the most 
definite way by the prevalence of malarial fever (1) at certain seasons, and 
121 under certain meteorologic conditions, particularly under the influence 
of heat atid atmospheric moisture. The question here raised leads us to 
uupiirc into the influence on the production of malarial disea.se e.verted 
by those factors that are characteristic of the climate bv conditions of heat 
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and moistura. That inquiry rests directly on our knowledge of the geo- 
graphic distribution of malaria, and the facts given in tlie course of the 
foregoing sketch find a definite expression in the law that the disease shows 
a progressive decrease both in extent and intensit}" from the equator to 
the poles, and that there is a certain limit beyond which it does not occur 
either endemically or epidemically, or if it does occur, then only in cases 
imported. 

A rather high temperature, therefore“~and all observers agree in this 
opinion — forms an essential condition for the development of malaria. 
A confirmation of this is found not only in the circumstance that the 
extent and intensity of the disease in malarious foci at the several seasons 
of the year are in direct proportion to the height of the respective temper- 
atures, but also in the fact that the great epidemics or pandemics have 
been immediately preceded by hot years, or have coincided with them. 
But although there can be no reason to question the general importance 
of high temperature for the production of malaria, there is just a.s cer- 
tainly another series of facts which serve to keep that significance within 
due limits. 

An influence not less pronounced than that of temperature is exerted 
by the degree of atmospheric moisture, or of the atmosplieric precipita- 
tions that result therefrom. But inasmuch as this ctiologic factor really 
deals with the saturation of the soil caused by the precipitations and 
with tlie fact that the saturation, when complete, sets limits to the develop- 
ment of malaria, then it is self-evident that we are concerned here with a 
certain measure, or xvith the relative amount of precipitation. The fall 
must be all the more copious, if it is to aid in the production of the disease, 
when the soil is naturally dry; while, on the other hand, a very heavy fa j 
on a natural!}' wet soil will prevent the development of the di.sea.^^e tm 
such time, at least, as the soil has again become in a measure dried through 
the evaporation or sinking dowm of the moisture within it. But there are 
still many unexplained exceptions to the rule which serve to show how 
far we are from having a complete insight into this factor, and it is only 
through careful analysis of the facts tliat we shall succeed in letting s<um‘ 


light in upon the still very obscure region of etiology. 

“The endemic and epidemic occurrence is alTccted by altitude and con* 
figuration of the ground under the general law that tlie extent and seventy 
of malarial disease diminish in proportion as we ascend above sea level 
or as we move from level to hilly country. On the one han<l, the rnean 
summer temperature is a determining factor; the height to which malaria 
ascends is in definite ratio to the geographic position, and acwirdingly 
an inverse ratio to the latitude of the place. Tlie second factor in thi-* 
relative immunity of elevated locjilities i.s umlonhtedly the state of 
soil as regards moisture, which is naturally diderent from tlie degree 
moisture in the plain. Wlier<‘ver malaria is endemic at more or 
sulerable elevations, the,*^eat of tlie disease is always a valley witli a smai 


declinty or a basin-like depression in a plateau. ' . 

“An important aspect is undoubletlly that wliich pre>ents itself 
question how far the disease eiepends ujxin the geologii'a! ami phyMc.i^ 
ctinditions of the soil. Any evidence tliat the gwlogiea! chameter o. 
the soil itself is concenieei h questionable ami we may limit tlie 
of the soil to it.- physical characteristics— tfie |K)ro-ity, degrt'e of 
tion, the amount of organic detritus, and ftirtlier on the tillage, and py* 
hap.s also upon the prmiucts resulting from cultivation. Tlw elm*, 
of malaria is always found where tlierr i- a jx-nmndde ami liighly 
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scopic clay soil, and least favorable of all is a sandy soil, readily open^ to 
saturation, but unable to retain the absorbed moisture, and becoming 
dry almost as soon as it is saturated. Under all these circumstances, 
then, the malaria-producing property of soil seems to depend on saturation 

of the ground. _ _ • n 

“In the second place, we find malaria exceedingly common in small 
and often definitely circumscribed spots by the sides of lakes, small streams 
or brooks, pools, ponds and ditches (and extending just as far as the basin 
makes its influence felt in saturating the soil of the neighborhood). 

“The amount of organic matter in the ground (or ground water) is the 
last of those properties of the soil which we have found to stand in relation 
to the origin of malaria.” 

And how well Hirsch fulfilled the second purpose of a hypothesis is 
shown by his statement pointing the finger of suspicion to a set of con- 
ditions now known to be those favorable to breeding of Anopheles mos- 
quitoes. As he summarized it, “The close association of malaria with a 
particular kind of soil, highly saturated and rich in organic matter, and 
the fact that the disease breaks out whenever that kind of soil is subjected 
to a high temperature suggest the conclusion that the development of the 
morbid poison goes hand in hand with the processes of decomposition set 
up in organic matters under those circumstances.”® 

Particularly where these hypotheses are formed well in advance of 
developments in the specific fields into which they lead, they are likely 
to become less and less hypothesis and more and more doctrine or dogma. 
And, having become dogma, subsequent investigations are likely to take 
the form of attempts to support the hypothesis in favor; and we frequently 
witness amendments, modifications, or rejection of evidence (or its inter- 
pretation) when new evidence is not in line with the doctrine rather than 
a change in the hypothesis. Against the theory of the origin of pellagra 
from the consumption of decomposed maize, two important objections 
were encountered. But instead of bringing about a modification of the 
maize hypothesis— already become a doctrine— the conflicting observa- 
tions themselves were ingeniously interpreted so as to be brought in line 
with the favored hypothesis. The first difficulty was the fact that maize 
is largely cultivated and used as a food in many areas in which pellagra 
svas quite unknown. The proponents of the maize theory argued that in 
all these areas the corn was either thoroughly dried, thereby preventing 
decomposition; or the damaged maize was not eaten by man but made 
into food for the hogs. The second objection — the occurrence of sporadic 
pellagra which could in no way be associated with maize — Avas answered 
cither by the assumption that other kinds of grain could under certain 
circumstances suffer changes like those of maize, or that such cases were 
so different, “not only in etiology but also in the nature and concatenation 
of the symptoms, that the judicial standpoint of all the more recent 
obscrvci-s was tliat there never was more than a resemblance between them 
and the endemic disease. Arbitrarily made up groups of symptoms in- 
ehulcd nervous or psychical affections, with disorders of the digestive 
organs and with morbid appearances of the skin; and, after full collection 
and thorough scrutiny of all the observations relating to the matter, all 
recent observers found it necessary to speak of pseudo pellagra.”' 

But when the accumulation of evidence finally forces a change in 
hypothesis, the tendency has seemed to be not to amend or modify an 
existing hypothesis, but to launch a new one even in the face of large 
amumdations of evidence in favor of the older one. Perhaps one reason 
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why it is so easy to launch a new hypotliesis is that an older one, however 
much soundness it may contain, not having afforded a practical solution 
of the disease problem, becomes wearisome and is easily set aside because 
of the hope offered by a new one. It is not easy when divergent theories 
are presented^ to distinguish immediately between those which are sound 
and those which are merely plausible/' (Frost.) And this has been espe- 
cially true when epidemiologic inferences have led into fields not yet well 
bounded or cultivated. Fav'or veers from one to another with each new 


set of observations. Any former hypothesis in time comes to have its 
adherents, who continue to stress supporting evidence as well as infercnct's 
from favorable findings, remaining faithful to tlie old and rejecting the 
new. Meanwhile, the newly advanced hypothesis acquires followers —the 
more rapidly as it appears more promising-^until, having gained enough 
to constitute strong minority/' we witness the all too frequent situation 
of two opposed schools; each bending its efforts, not so much to the study 
of the problem as to the support of its own group, with one or the other 
gaining or losing with developments in one field or the other. And it is 
difficult, with the growth of opposing schools, even witli acquisitions of 
knowledge, not to be swayed by preferences for one or the other existing 
doctrine, or to view both the opposed hypotheses dispassionately. Finally, 
and frequently because of the impetus of some particular <leveIopinent in 
knowledge, the more liopeful, newer In'pothesis completely overtlirows 
the older. 

It frequently happens that, where there are two opposed concepts, it 
will be found that they were derived at different times under the influrncv 
of contemporary developments in one science or another; not so much 
from conflicting observations, as from resisting inferences evolved from 
essentially similar observations. And it is frequently tlie case that these 
resisting inferences were formed long in advance of developments in the 
specific fields involved. In the light of subsequent advances, it is .seen that 
tlie approval of cither concept necessitates the acceptance of assumption'' 
of doubtful worth in the theory favored, and tlie rejection of valid evidence 
in the opposition. 

Therefore, it is constructive to turn back to the <Iata from which earh^T 


concepts have been evolved in order to re-test them in the light of present 
knowledge, to seek out the discrepancies in each and the valifliti('> 
both, which become more discernible witli devclopmeni of knowledge in 
the fields in which they He. Thus, erroneously drawn propositions may 
be amended, nr the validities in conflicting liypotliescs wiiich were formed 
from essentially the same type of oliservations may 1)(* proved adju^tai‘!e 


into a different concept. ^ 

The changes which have taken place at different time> in coner'pt> o* 
the epidemiology of leprosy well illustrate the manner in which hvfyotlic.-#*-' 
rapidly become doctrines, how new oi)‘^ervations are rationalized fr» fit tie* 
favored dogma, and Ih)w older })\7>or}ies<*s are finally thrown over bv 
and more hopeful ones. Ami, finally, it may l)e seen how !>>' viewing tm* 
two hypitheses in leprosy, rejecting the a.^'jumptions n( doui)tful %u»rfh m 
l>oth and atx^epting the validities in each, we arrive at a third liyjy)Thp* 
with which all the observations are in more perfect aw)rd than witli eitfe r 


of the two crmfliciing hypothec's. m f • 

The two opposcfl ihe'ories, contagion am! heredity, have prt'iail^d 
flifferent times in lepro>y. Tiu’-'C nuicepCn were <?eriv»'d no? mm h* 
ctmflieting oli-cn'ations as from inferences evolved fmm ^ ' 

fiallv similar ob-ersation-. Hotb wen* long in adwtre ** o?" d*- 
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Tnents in the specific fields of science involved, and with^ a.cquisition of 
knowledge in these fields, discrepancies in each and validities in both 
become apparent. The approval of either concept necessitates the accep- 
tance of assumptions of doubtful worth in the theory favored and the 
rejection of valid evidence in the opposition. 

In the light of modern knowledge, it can now be seen that the familial 
tendency in leprosy upon which Danielson and Beck based their theory 
of heredity is not that of a hereditary disease — that is, it is not Mendelian ; 
but, none the less, there is a striking familial tendency. It can likewise 
be seen that the long continued selectivity seen in family lines is not 
compatible with any known law of contagion, the theory which gained 
preference through the discovery of the Hansen bacillus. There is no 
longer any question as to the actuality of both familial tendency and 
contagion in leprosy. The validities as well as the discrepancies in both 
theories can best be harmonized by a third concept — that leprosy occurs 
as a result of contagion to be sure, but in the exposed who are hereditarily 
susceptible to the infection.- 

In the earlier part of the nineteenth century, the formation of hypotheses 
from the facts relating to disease distribution was the only tool available 
to epidemiology. But this method yielded masterpieces of inference such 
as Budd in typhoid fever or Panum in measles. But in the latter part of 
the century, hypotheses lost ground and experimental proof was exacted. 
Finlay’s long held Stegomyia fasciata hypothesis in yellow fever^ was not 
established (he attempted experimental transmission) until, aided by 
Carter’s demonstration of the extrinsic incubation period, ‘‘ Reed was able 
to set up an appropriate transmission experiment with Aedes xgifpliJ' 

Since epidemiology is so largely an inferential science, it is natural that 
hypotheses based on numbers of features or on a variety of findings, in 
other words on a preponderance of evidence, are more likely in general 
to point in the right direction than those based on some single feature. 
For example, the fallacy of the once common idea that seasonal prevalence 
of disease is necessarily an indication of mode of spread is now well known. 
The error in the generalization that diseases transmitted through upper 
respiratory contact are diseases of winter because of “crowding” and insect- 
borne or gastro-intcstinal diseases necessarily occur in the opposite seasons 
l)ccause of summer increase in transmission, may be seen in the fact that 
no two of the upper respiratory diseases have the same seasonal curve. 
Diphtheria begins its increase in August, while whooping cough or men- 
ingococcus meningitis may remain epidemic well into summer. On the 
other hand, the insect-borne typhus (for obvious reasons, of course) is a 
(ii.sease of winter. 

Perhaps it is because laboratory findings or experiments are in a sense 
more easily visualized than more or less laborious collections of data on 
disease distribution that some single e.xpcrimental feature of disease .so 
often takes preference in the formation of epidemiologic inferences over 
any amount of distributional evidence to the contrary. The older inference 
that hookworm infestation was due to drinking water,' based on the find- 
ing of hookworm eggs in the fecal discharges of patients could hardlv 
have been made if the difference in incidence in those wearing shoes and 
those going barefooted had been considered. 

The earlier history of the development of present dav epidemiologic 
concepts is filled with erroneous hypotheses which have prevailetl at one 
tune or another. From the point of view of present dav kmowledge. it 
may be difficult to see how some of these could hat'c evolved, until it is 
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remembered that in addition to reasons already stated — chieily inadequate 
knowledge of fields into which the hypotheses lead, many of them wore 
basedj^ on observations limited to the locality which could be covereol hr 
the single observer and vithout the aid of information concerning the 
beha\dor of the disease elsewhere. The first outbreak of poliomyelitis 
recorded in its epidemiologic aspects in this country was in Rutland 
County, Vermont, in 1894. The recorded outbreak extended only as far 
as Caverly could travel in a horse and buggy. Only recently this re- 
stricted occurrence was cited as having special epidemiologic significance, 
in spite of the fact that it is now well known that the outbreak was by na 
means confined to the area covered by Caverly’s study. To be sure, there 
are local investigations which are classics in epidemiology — Rudd on 
typhoid, and Snow on cholera-~but more often, failure to view disea.'^e 
broadly has led to erroneous concepts. Tlierc are diseases wliich occur 
only in restricted areas, not because of any effort to keep tlicm there, 
but because it is only in these areas that they find the neccvssary conditions 
for propagating themselves. For these, the cause is to be sought in local 
conditions. But for most, it is clear that disease in one people cannot be 
prevented, nor even understood, without taking into account its behavior 
in other places. We may still argue with Boswell and Johnson whether 
epidemic disease comes into St. Kildes on the wind, or on the sliips wliich 
make the harbor W’ith the favorable wind, but wc know that epidemic 
disease, lurking in insects, goods and chiefly in tlic licalthy carrier, rccog* 
nizes no boundaries. In the past, distance itself aided in protecting one 
from the diseases of another- But the isolation of the past is a thing of 
the past, for microbes in their way enjoy the speed of modern travel 
much as wc do in our \vay. Thus the cause of most diseases is not local 
but is due to a condition or conditions in many areas. Study of the cir- 
cumstances under which it travels or attention to conditions wdiich can he 
associated with variations in its occurrence in flifTcrent localities, may he 
more revealing than studies, however intensive, in one area. 

The facts have sometimes been aSvSembled by tlie traveling invc'^tigator. 
such as Panum in the Faroes; and Hansen, Uic Norwegian discoverer of 
the bacillus of leprosy, wlio in ISSS journeyed to Minnesota in the I nitt d 
States to investigate the disease in Americandmrn descendants of .Nor- 
wegian lepers. More often, they have come from the automatic tnerguig 
of the findings of many workers in many lands. As with the inilkuKUo 
who assured Jenner that she was immune to smallpox because she hn<i 
had cowpox, they liavc becji given to tJie world by the folklore of simjih* 
people, 

A quarter of a century after the epidemiology of yellow fever had bt^*u 
tlioucht to be finally settled by Ree<rs successful transmission of th«' 
disease, foresluirlow'cd by Finlay’s hyj>oth(*sis in Havana and made 
sible by Carter’s cstaf>fislnnenl of the extrinsh’ incidiafinn fK'riod m 
Orwood, Mississippi, tlie next inqmrtant extension in knowfedg#' of th‘* 
epidemiology of yelhnv fever came with the r*stnbli>hmr‘nt of a fh‘ld 
oratory by the Uof^kefeller Fotinrlation in Lago-, Nigeria. Isolation 
the virus at\d u blwKl test reveah^il that tlu* disexise w'li^ Jiot^ *o 

small areas on the wt'st coast of Africa and east roa^t of llriirM, l»tit 
the virus actually was distributed from Dakar and .Angola on th*' jy*'* 
coast, to Uganda and the Kthfopian foothilb. In the •^maron 
the hcli of prevalence was extenrlc'^1 to parts of A cnezuchf,^ 

Ectnulor, Penn and Bolivia a- well Brazil, and a ru'w o* 

quilo was found to trannnit tlo^ juncl^* tyj^* of yrilow b-v#'r. 
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control of the fever carried by this sylvan Hxmagogus cayricorms^ were 
entirely different from those for the city dwelling Aedes xgypii, the 
mosquito which had been supposed to be the sole distributor of the disease.® 
Thus, the epidemiologic feowledge of disease has been assembled from 
hypotheses originating in studies in all parts of the globe. Formerly, great 
epidemics followed large migrations of people and the development of new 
trade routes. Two striking examples are the dissemination of plague from 
Hong Kong by trading ships, and the breaking loose of Asiatic cholera 
from what was considered its native habitat to spread over Europe, 
Canada, and the United States in 1830. Some governments disregarded 
medical regulations entirely or even refused to admit the occurrence of 
epidemic disease within their own borders for fear of interrupting trade 
with others. Individual nations or cities attempted to check the entrance 
of disease by drastic measures at their ports and land borders. Some 
port authorities burned whole ships and their cargoes which had arrived 
from infected countries, or detained passengers and crew for long periods 
of quarantine. 

With nations as with individual communities, the older idea of throwing 
the sick into pesthouses by law and under guard has given way to cooper- 
ation. We have learned that pestilential disease does not obey our laws 
but follows its own, traveling from one people to another, as we give it 
opportunity with our own travels. In the earlier decades of the 19th 
century, international cooperation in matters of health was instituted 
by the countries bordering on the Mediterranean Sea. The Turkish 
government, in 1839, invited representatives of other nations to meet with 
the Sanitary Commission of Constantinople for better regulations for 
ships with disease entering that port. This Commission extended its 
supervision to the ports of the Black Sea, the Straits, Asia Minor, and the 
Red Sea, and it provided sanitary regulations governing the pilgrimage to 
Mecca. The Egyptian Council assumed responsibility for the pilgrims of 
that region and after the opening of the Suez Canal (1869), it undertook 
medical supervision of traffic through that waterway. 

In 1851, the first of a series of International Health Conventions was 
called in Paris. At this, and subsequent meetings in Constantinople, 
yienna, Washington, Rome, Dresden, Venice and Paris, regulations were 
formulated concerning the notification of diseases such as cholera and 
plague, the medical inspection of departing crews and passengers from 
ports where certain diseases were known to exist; inspection and quarantine 
of those arriving from infected countries; and examination of certain types 
of cargoes likely to carry disease. 

At the meetings of 1903 and 1907, the Office Internationale d’Hygiene 
Publique was established in Paris, and has continued to standardize 
mctliods of control of epidemic disease as between nations. It had the 
authority and financial support of 51 nations, and has been of great service 
in the field of mteri\ational health. It has largely had to do with unifying 
the many national laws of sanitation. It has coordinated the health laws 
concerning jjilgrimages from three continents to Mecca to pre\-ent the 
exchange of cholera. It has aided in prodding medical facilities in ports 
of all parts of the world for the treatment of sailors— in short, the inter- 
national coopenition promoted by the Office d’Hygi^ne Publique can, per- 
haps, bo best visualized in the large disks that can'be seen on the hawsers of 
•■'hips in port in all parts of the world, put there by mutual agreement to pre- 
\ etit tlu' debarkation of rats which arc the carriers of the bacillus of bubonic 
plague. 1‘inally. the Health Section of the League of Xations was formed 
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to convene international conferences to exchange information and to take 
steps necessary to insure an effective international cooperation in matters 
of health. The Health Section of the League is the culmination of the 
efforts toward concerted action in preventing disease. It has made its 
influence felt in all parts of the world in combating epidemics, in standard- 
izing medical biologic products, and in the prompt dissemination of 
information concerning the prevalence of epidemic disease everywhere. 

Just as epidemiologic knowledge has been assembled from all parts of 
the world, it has been redistributed in its application to the prevention of 
disease by international cooperation at its best. International cooperation 
has not failed in this because the objective, freedom from disease, ha'^ 
been one on which all have agreed. No one anywhere gets sick by prefer- 
ence. The signal flag flown for quarantine inspection of sliips is tlie same 
e\’er\’^vhere. 

REFERENCES 

(1.) Am. J. Pub. Health, 32, 414, 1942, and following (2.) Aycock, W. L.: 

Am. J. Med. Sci., 201, 450, 1941. (3.) Bard, J.: An essay on the nature and rain^oof 

malignant plcurisj', 1749. (4.) Carter, H. B.: New Orleans Med. and Surp. ^2. f>L. 

1900. (5.) Plnlay, C.: Anales do la Real Academia do Cicncias Medicas; FLir.a- y 

Naturalcs dc la Habaiia, 48, 4, ISSI. (6.) Hirsch, A.: Handlxjok of GeoprnphM and 
Historical Pathology, translated from the German edition by Charles Crciphtoii, I><indnn, 
The New Sydenham Socictj', voL 1, 1SS3. (7.) Ibid., vol. 2. (8.) International Henitfj 

Division of the Rockefeller Foundation — numerous publications. (9.) Reed, W., Car- 
roll, J.. Agramonte, A., and Laaiear. J. W.: Phil. Mod. .1., 6. 790. 1900. (10.) RasscU. 
F. F.: Virus and Rickettsial Diseases, Boston, Harvard Univ. Press, 1910. 



BOOK REVIEWS AND NOTICES 


A Handbook of Medical Library Practice. Editor, Janet Doe. Com- 
piled by a Committee of the Medical Libraiy Association. Based on a 
Preliminarj' Manuscript by M. Irene Jones. Pp. 609. Chicago: Ameri- 
can Library Association, 1943. Price, S5.00. 

Medical libraries have a number of special needs tliat will be met by this 
long-needed and long-contemplated handbook. Especially in the case of the 
.smaller libraries, the librarian who starts better equipped with libraiy training 
than with medical knowledge will benefit from the book as much as will his or 
her confrere who has been trained contrariwise. Of the 8 chapters, most are 
concerned with such matters as selecting and ordering, cataloging, handling 
of pictures and microfilms. There is a valuable final chapter on reference 
work, with an extensive Annotated List of Reference Books; the subject is so 
vast, however, that even its 174 pages cannot adequately cover the wide range. 
For instance, of 2 subjects taken at random, “Bibliographies of Aviation 
Medicine” includes but 2 items, neither of them being Fulton’s. “Hiematol- 
ogy (Encyclopedias, etc.)” includes 3 items: Downesq Kracke, Hirschfeld (in 
this order), I&acke however being but one of many 1-volume textbooks on 
the subject. 

Especially interesting to the Re^dewer is the chapter on Rare Books and 
the Historj'^ of Medicine. More than half of the 115 pages is devoted to an 
Annotated Bibliograph}’^ of books useful in a historical medical collection. As 
is fitting for a librarian’s production, the book has a full and apparentlj' 
accurate index. 

Miss Doe and her 10 colleagues are to lie congratulated on the production 
of a volume that is a valuable reference source to those interested in medical 
literature, and history, as well as an invaluable desk book for medical librarians. 

E. K. 


Medical Genetics. By L.\urence H. Snyder, Sc.D., Professor of Medical 
Genetics, Ohio State University. Pp. 130; 24 figs. Durham, N. C.: Duke 
University Press, 1941. Price, SI. 50. 

The text material in this small volume is taken from a series of lectures 
presented to the medical schools of Duke Universit}^ Wake Forest College, 
and the University of North Carolina. Its contents include the study of 
human heredity, medico-legal applications, cancer, hereditarj’^ disorders of the 
difTcrcnt bodily systems, and a final chajiter on the future development of 
medical genetics. It should aid in both the diagnosis and prevention of in- 
herited diseases and abimnnalities, and in ginng correct adidee to prospective 
inarriagcs and pregnancies. All in all, it is a veiy satisfactoiy and useful com- 
jiilation of data on this .subject, and certainly a volume to be highly recom- 
mended to all clinicians and medical students. The emphasis rests on inherited 
abnonnal states, whereas the principles of genetics are discussed only to the 
extent of giving us a eoncise understanding of the mechanisms involved. 

M. T. 


Atu\s of Obstetric Technic. By Paul Titus, M.D., Obstetrician and 
Gynecologist to the St. Margaret IMemorial Hospital, Pittsburgh; Secretaia*, 
American Board of Obstetricians and Gynecologists. Illustrations by E. M. 
bcH.vcKi.LFORD, ^Icdical Illustrator, John C. Oliver ^lemorial Re.'^earch 
louudation, St. Margaret Memorial Hospital. Pp. ISO; 193 figs. St. Louis: 
C . \ . Mosby Comiiany, 1943. Price, .$7.00. 

picture is worth a thousand words. On this assumption 
1 itiis s atlas with its 193 carefully selected illustrations should bo a considerable 



410 


UOOK UEVIEWS AND NOTICES 


addition to textbooks dealing ^yith obstetrics. In this volume the author has 
covered a wide range of subjects. In addition to illustrating stricth' obstetrical 
topics, he considers in pictorial foiTn such subjects as major and minor opera- 
tions upon the abdomen which not infrequently complicate pregnancy, as well 
as technical procedures required in the treatment of patients sulTering from 
sterility. A study of the pictures in this volume should give the medical 
student a clear comprehension of the subjects covered. The illustration? are 
line drawings of quite satisfactory’' size, and are described by carefully con- 
sidered legends. One or more blank pages for notes or additional drawings are 
available at the end of each chapter. D. *M. 


Physiology in Aviation. By Chalmers L. Gemmill, B.S., M.D., Com., 
AI. C,, U. S. X. R., Associate Professor of Physiology, The Jolms Hoj)kin? 
University, School of Medicine, Baltimore, ^Id.; Instructor in Physiology, 
School of Medicine, Xaval Air Station, Pensacola, Fla. With a chapter 
on Instrument Flight by Lt, Frederick B. Lee, U. S. X. R. Pp. 132; 
18 figs.; 18 tables. Springfield, 111.: Charles C Thomas, Ifl43. Price, $2.00, 
Dr. Gemmill, now’ on active service, has published in an entertaining and 
instructive book tlie lectures on the physiology' of a\iation given in the Schf>o] 
of Action Medicine, Xaval Air Station, Pensacola, Fla. In brief and suc- 
cinct manner he has covered the essentials of phy'siology related to aviation 
problems. An interesting historical introduction is followed by chapters on 
the mechanics of respiration, on gas transport by the blood, on the circulation, 
on temperature control, and on the phy’siology' of muscular exercise. The 
principles discussed are then applied to the problems arising in flight at Inch 
altitudes. Chapters are devoted to anoxia and aeroembolism, nn<l also one on 
the effects of acceleration on man. A final instructive chajitcr on instrument 
flight by' Lieut. Frederick B, Lee is api)endcd. , 

Anyone interested in a dear, short account of the medical proldems in tu\< 
interesting field should read this l)ook. 11 • 


Essentials of Gynecology. By Willard H. Cooke, MJ)., F..1.C>:' 
Profes.^or and Head of the Department of Obstetrics and (Jynecology, I [u- 
versity of Texas. P}>. 474; 107 iilns., including 10 in color. Phiindelpin.'i' 
J. IL Lippincott Company', 1043. Price, $0.50. 

This volume is a condensed textbook prepared for beginners in the J-'Mhject. 
The variotH topics, though necessarily treated hrieflv, are satisfactory' for tm' 
purpO'^e. The illustrations include a number of excellent line drawing-^ in add:' 
tion to pliotographs of gross and microscopic specimens. 

The materia! is well arrangwl and rovers llie clinical a^ well as the 
academic nsport of tlm various subjects. The l)f>ok is comjdefeh* vatie>nt 
reference to otluT works on the same sul)ject. If sfintild Ik* (jf service 
medical student in sncnriiig the r^s-entiaN of irynecrdogy. IL M. 
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having chiefly a constitutional factor in their etiology, such as diabetes inellitus 
and diseases of the hemolytopoietic system. 

Dr. Bauer finally lays down certain principles of treatment based on the 
defective constitutional etiology and points out certain pitfalls which one may 
encounter when these deficiencies are not adequately considered. 

The real virtue of the book lies in its ability to stimulate thought as to the 
constitutional deficiencies which exist as part of the ordinary medical prob- 
lems which confront every practitioner and as to how he may use these factors 
to modify "his treatment to the patient’s advantage. This book is highly 
recommended both to those actually engaged in the practice of medicine and 
to medical students. ^ _ J. S. 

Modeun Trends in Ophthalmology. Edited by Frederick Ridley and 

Arnold Sorsby. Pp. 699; 217 figs; 8 color plates. First published in 

Great Britain, 1940. New York: Paul B. Hoeber, Inc., Medical Book 

Dept, of Harper & Bros., 1943. Price, SIO.OO. 

This book brings various phases of Ophthalmology up to the last minute. 
The book is divided into 7 parts. The first part deals with the relation of 
ophthalmology to general medicine. In its first section on infection, allerg}’’ and 
immunity, of chief interest is the chapter on ophthalmologic conditions in 
tropical and subtropical regions. This will be of distinct value to ophthal- 
mologists in the Aimed Forces. Section 2' concerns the ocular manifestations 
of some general disturbances; it contains an excellent re^^ew on arteriosclerosis 
by Friedenwald. Section 3 deals with the ocular manifestations of some 
dystrophies. 

The second part deals with diagnostic procedures; the third part with 
refraction and binocular idsion; the fourth part, on the physiology of Ausion, 
contains a very good re^new by Selig Hecht. Part 5 groups together a number 
of unrelated subjects under the heading “new conceptions in pathology.” 
Part 6 concerns modern treatment, and Part 7 the social aspects of ophthal- 
mologj\ In this last chapter there is an article on chemical warfare in relation 
to ophthalmologjL 

As in compilations, some chapters are better than others, but it is an 
extremely valuable bibliograph}’- of the modern literature. F. A. 


Manu.\l of Stand.vrd Practice of Plastic and M.axillofacial Surgery. 
Militaiy Surgical Manual I. Prepared and Edited by the Subcommittee on 
Plastic and hlaxillofacial Surgeiy of the Committee on Surgerj’ of the 
Division of Medical Sciences of the National Research Council, and Repre- 
sentatives of the hledical Department, U. S. Army. Robert H. Ivy, 
Chainnan. Pp. 432; 259 figs. Philadelphia: W. B. Saunders Company, 
1942. Price, So.OO. 

This is the first of a scries of Militar}' Surgical hlanuals prepared under the 
ausiiiccs of the National Research Council for use by the Army and NaAy 
as guides in the management of war casualties. The subject* Plastic and 
Maxillofaci.al Surgeiy is very ably discussed. The text is dirfded into 4 parts: 
reconstructive surgeiy, maxillaiy surgerj-, maxillofacial prosthesis, and ane.s- 
thotic technique. The subjects, although nece,ssarily brief, are clearly and 
concisely prc.-icnted. The book will be read and appreciated not only bv tho.se 
m (he armed forces, but by many in civilian practice, for it is more 'than a 
simple war-time manual. tj v 


Medic.m. Clinics of North America (St. Louis Number, I'ol. 26. No. 2 
March 1942) Pp 6£: 26 ills. Philadelphia: W. B. Saunders Com: 
pany, 1942. Price, SlG.OO a year. 

This yoluine maintains the usual high level of e.vcellence of thi.<= bi-inonthlv 
publication. In this number, there are 14 fine articles on Medical Emergen- 
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cies, and a s^Tnposium of 6 articles on Tuberculosis. The 212 })ai^cs ou Medical 
Etnergencies fonn a handbook which ever>* physician might well wish to linve 
at hand in time of need. It is unfortunate that the 85 pages on Tubcrculod'' 
arc inappropriately included in the same volume. 

It is unfair to pick on minor points for criticism, but the lines on page 
reading ^‘Botulism-decomposed proteins and fats often found in cream or 
custards affect anterior horn cells of the spinal cord^' seem so misleading and 
inaccurate as to deserve special mention. 0. P. 


AimoMiNAL AND Genito-uuinauy INJURIES. Militao' Surgical Manual 111. 
Prepared under the auspices of the Committee on Surgeiy of the Division 
of iledical Sciences of the National Research Council. ?[). 243; 2S fiu^. 
Philadelphia: W. B. Saunders Company, 1942. Price, S3.00. 

This, the third manual of a series of Militaiy Surgical jManuals preparctl 
under the auspices of the National Research Council, is divided into two i)arts. 
Tlie first deals ndth injuries of the abdomen; the second, with injuries of the 
genito-urinar}' tract. Diagnosis, surgical treatment, and subsequent care of 
the wounds arc outlined. The text will serve to familiarize members of the 
medical forces of the Army and Na\y with the type of wounds encoiinfcrcd 
in warfare. II. Z. 


Diskase.s of thk Nosk, Throat and Ear. By William L. Bali.f.niu:!:, 
M.D., P^A.C.S., Date iVofessor and Head of the Department of 
Rhinolog>’ and Lar>'ngologA% School of Medicine, University of Illin(d-; 
and IIow.ARD C. Ballenger, M.D., F.A.C.S., Associate Professor of Oto* 
laiATigologA", Northwestern University School of ^Medicine, Chicago; Surgeon, 
Department of Otolar>mgolog>', Evanston Hospital. Eighth cd. Pp. 9i*): 
004 engravings, 27 plates (25 in color). Philadelphia: Lea A' Pehiger, 
1943. Price, §12.00. 

This has long been considered one of the leading text and reference 
in Otolar>mgolog\'. The 1943 edition includes many new illiist rations, tin' 
descriptions of .‘^oine new operative ])roccdures, the ajiplications of the sullony 
niides to Otolar\-ngolog>% as well as that wealtli of infonnation found in 
previous e<litions. It is not intended in any way to intimate hy the hnvity 
of this Review that the iinymrtancc and excellence of the j)rfKlucti<m not 
thoroughly ayipreeiated. K. H. 


.\SNUAL Ri:view of Biochf.mistuy. Vol. XII. Edited Iw James Mulko 
Luck, Stanford University; As^-ociate E<litor, James H. C. Smith, Carnece' 
In^ititution of Washingtf)n, Division of Plant Biology', Stanford UnivrrsHy, 
California. Pp. 70*; many tables and Stanford Univer-ity P. 

C’alifomia: Annual Reviews, Ine., 1013. Price, §.5.00. 

This voIutik', in addition to reviewing the subject^J c^jveriwl at * 

interval (if luU annually in thi- series), hri'^ sevend chrij)te.*''i ffcvotol 0- 
Mil»ject« either ayijiearini: for the first time or which Imve not reviev>iW n ” 
sevemi yi^ar^. Among tlus'e may Ik^ mentioriM a rliapter on SyntD'^'- 

DnuT'-' hv T. C'. Dafde!*., anotlier or* CarlKUi Dioxide in H*?*-*" 

trophic i >rc:vni-in' by H. .V. Kreb- an<l on The Eh'ctron i • 

by L, Martn- 
author treat' the -tibi^^t vj 


Particularly in the la^t-m.entioTie<I r.^apter t- 
t .an .annual revie*v but ?‘Tunrnarir^-* tb'* V' 
L.i^P «.ince the buildiric of the fir-t cornjv'cmd instrument- in I9T2 ^ ^ 
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Skin Grafting of^ Burns. By James B. Brown, M.D., Lt. Col., M. C., 
U. S. A.; Senior Consultant in Plastic and Maxillofacial Injuries and Burns, 
E.T.O., U. S. A., Associate Professor of Surgery, Washington University, 
St. Louis; and Frank McDowell, M.D., Assistant in Clinical Surgery, 
Washington University. Pp. 204; 131 illus. Philadelphia, London, and 
Montreal: J. B. Lippincott Company, 1943. Price, $5.00. 

During a time of war the subject of burns becomes exceedingly important. 
The incidence rises enormously, not only on account of fire and explosions in 
battle situations but also because of the hazards to civilian workers in military 
industries. For this reason one welcomes the appearance of a monograph 
compiling the treatment experience of two of this countrj'^’s most skilful 
plastic surgeons and epitomizing modern concepts of the skin grafting of burns. 
The book contains the following chapters: Early General- Care, Early Local 
Care, Preparation of Wounds for Skin Grafting, Application of Thick Split 
Grafts, Application of Free Full Thickness Grafts, Pedicle Flaps, Regional 
Repairs of Trunk and Extremities, Regional Repairs of Head and Neck, 
Homografts, Faults of Skin Grafts, Treatment of Burns in World War 11. 
The excellent paper, large type and clear illustrations make for easy under- 
standing of the recommended techniques. Many of the illustrations and case 
reports will be recognized b}'' those who have been following the authors’ 
writings in the surgical journals. Dr. Brown’s note from the Eui'opean 
theatre of operations in the Preface brings the timeliness of the book up to 
May G, 1943, when this addendum was written. 

The deficiencies of the book are minor and do not in any sense detract from 
the value of the material contained within it. No mention is made, for 
instance, of Roentgen ray burns. A description of the differences in lesions 
resulting from different burning agents such as heat, steam, electricity, Roent- 
gen rays and friction would be helpful. There is but a brief discussion of the 
use of the dermatome, which in many hands has proved efficient, and the 
subject of full thickness grafts does not receive much emphasis. The chapter 
on faults and failures of skin grafts is far too short. No reference is made to 
constitutional reactions following the dusting of sulfonamides on granulating 
areas. 

Merely a.s a ti'eatisc on the thick split graft, at which procedure the authors 
are unsurjias-scd, this book is worth far more than its purchase pi'ice. 

I. W. 


Youu Artiiritis; What You Can Do About It. By Alf'REd E. Phelp.s, 
M.D. Introduction by R. Garfield Snvder, hl.D. Illustrations by 
.T.\mes hI.\cDoNALD. Pp. 192; 12 illus. New York; William Morrow & 
Co., 1943. Price, $2.00. 

Tins book, a summary of present knowledge of arthritis, written for the 
laity, fills a definite need. It should also be known to all who treat these 
patients, for its recommendation will sav’C the bus 3 ' practitioner precious hours 
b\' anticijiating manr* questions. Causes, course of disease and treatment are 
conservatively and thoroughly discussed. W. S. 


.Nvvoi'sis or Blood Diseases. By A. Pixey, M.D., M.R.C.P., Director, 
latholopcal Department, Royal Cancer Hospital, London; Phvsician, St. 
Maty s Hospital for Women and Children, London. Pp. 120; 4' plate.s and 
several tables. Philadelpliia: The Blakiston Company, 1942. Price, S2.75. 
This is a rigidly .skeletonized compendium of hematologj’, jiresented in 
telegranlnc FtN'lo. Most of the subject matter of hematologj' is adequatelv 
covoreU, tf clue allowance is made for the limitations of a work of this nature. 
I aittculur value attaches to the diagnostic outlines. Certain faults are 
apparent, liie r.apid style is sometimes earelas<; and ineoheront. The brief 
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statements are sometimes overly dogmatic. Hemoglobin is incasurocl in }H‘r- 
centage, but no standard value is given. It is Avrongly stated that the anemia 
of sickle cell anemia can usually be relieved Avith iron and liver extract, Briti4i 
pharmaceutical proprietaries, unfamiliar in this countr\', arc unfortunately 
frequently recommended in delineations of therajn’. No mention is made uf 
‘‘unit’’ assay and dosage of liver extract in the treatment of j)ernicious anemia. 
The importance of sulfonamides, and of Rh factor, goes untouched in the di- 
cussion of hemolytic syndromes. The illustrations of the various Mood and 
marrow cells (in color) arc schematic. On the whole, however, tlic work i- a 
useful “refresher,” if judiciously road. A. 0. 


Methods of Tkeatment. By Logan Clendening, M.l)., Clinical rn»fe'"<'r 
of Alcdicine, Medical Department of the University of Kansas; Attendinc 
Phy.sician, University of Kansas Hospitals; and Edwaud H, IIashinokk, 
A.B., M.D., Clinical Professor of Aledicine, Afcdical Department of the 
University of Kansas; Attending Physician, University of Kansas IhHu- 
tals: Attending Pln'sician, St. Luke’s Hospital, Kansas City, Mo. With 
chapters on Special Subjects by various authors. Eighth od. Pp. 

13S figs. St. Louis: C. V. Mosby Company, 1043. Price, $10.(M). 
“This book is planncrl to furnish an outline of all the methods of treatment 
in internal medicine.” What the authors have done, in efTcet, is to set und<T 
one cover the sections usually devoted to treatment in the standard text- oa 
Medicine, Surger}', and some of the sjiecialtics. 

Part I describes the procedures under headings such as Rest, Dnm- fan 
e]ntomizcd ])hannacology' text), Anesthesia, Imnuinolog>% Alicrg>’, I)iete(ir> 
Infant Feeding, Physical Therapy, Radiotlicrapy, Spas, Psychotherapy, and 
Miscellaneous Proc(Klures such as Blood Transfusion, Sjdnal Puncture, e'c. 
Part II discusses the application of these procedtires for the specific rniiditien- 
It is diflicult to know what group might find the book useful- it i'-* 
elcmentarx* for the specialist, too epitomized and “ compended” for thcstml nt. 
The general practitioner may find it helpful as a handy reference in tlie Tn:u> 
agement of some conditions, or in a j)rocedure i)orhaps liettcr e\erut*‘<l 1'}' 
scuneone trainerl in this field. In no sense are the directions roTnj)lcte. f A; 
ample: For abdominal ])araccntesis: “Tlic patient slionld empty hi' Maddrr. 
No mention is made of catheterization. The exj>erience(l will not t!;*^ 
few simple directions that arc inchulerl, while the neojdiyte will not tliirA < ‘ 
the im|)ortant step of being sure the i>!adder empty by ratluderizntf":' 
No mention i- made r»f recording blryrKl j)ressure fr>r iinjK'nding circuht*''/ 
collajv^e cluring the procerlurc. the u-e of tlie abdominal l>indcr, or tliy 
ce<hire to l>e c.arrieil out should the trocar enter bladfler or bowel. Th*' 
i)f the O'cillating beri i' arlvi-e<i, witlK>ut critical cmnincnt, in the 
of conge>tive heart failure. \Vne>ection di<mi--e<i^ after rv -hort In-t'-rr*'' 
account, with tlie statement ‘Tt may be done in pneumonia, ureinia. 

-Ion, and in the preTU<ni\tor>* Mgn^ of cerebral a;yiplexy.’' Indicat iorj', air.^l f. ■ 
contraitidiratiori-. rr^ults. etc., are ornitt^sl. The technifjueof in'tiflirj;: ! 

oil into the trachea i- flc'cribe^l fr^r n>e in the Ufr^uitgen rliagiio.!' oi brnfr 


flC> 

The action of radium ou cancer i- di'ru"^-<l iii gcncralitle 
entire chapter on Radiotherapy, admit tr'<ljy for ‘■tiidcnt ar.d 
tioruT. tiot for tie* rndiolt^gi^t. The author - -tyle rccal!- tie* 
er.t4‘rtaining ** Human Ih^ly/' a ts^pnlar -tyhTtib of anei dote-^, hut i 
value fnr tlie tdiV'iciari .and picking notably in e-'»*nlird det.c.I. 

that c«c*]d not bo read to b* tf 
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Whooping Cough. By Joseph H. Lapin, B.Chem., M.D., Adjunct Pediatri- 
cian, Bronx Hospital; Associate in Contagion, Riverside Hospital for Con- 
tagious Diseases, New York. Pp. 237: 25 tables, 40 illus. Springfield, 111.; 
Charles C Tliomas, 1943. Price, $4.50. 

Much interest is being shown currently in wlioojiing cough, despite, or ]jerhaps 
in part because of, the refractoriness of this affection to the sulfonamide 
drugs. Here is a new monograph of medium size, readable and well balanced, 
condensing what is known and emphasizing what remains unknown. The 
author is a pediatrician with a wide personal experience with the disease, botli 
in the clinic and the laboratory. He presents stock-taking chapters on history, 
opidemiolog 5 >-, bacteriolog}^, pathologj^, immunologj^ serologj^ clinical mani- 
festations, hematolog}’-, roentgenologj’-, complications, diagnosis, prophylaxis 
of non-exposed children, prophylaxis of “contacts,” specific treatment, non- 
specific treatment, treatment of complications, and public health consider- 
tions. Every chapter is di^fided into well-organized subsections, and all 
material is presented from the practical clinical point of view. 

With regard to the controversial value of vaccine prophylaxis for building 
active immunit}’’, the author summarizes the results of 26 studies by different 
workers. According to the best e\adence, immunization will reduce the attack 
rate to from 10% to 35% of that for unvaccinated controls. The communica- 
bility rate for intimate sibling exposures is about a third of the figure for 
unvaccinated controls. There is general agreement that attacks which occur 
in vaccinated children are markedly lighter than in unvaccinated children. 
The duration of immunity is still in doubt, but is probably several j’^ears, at 
least. Vaccines are apparently best prepared from H. pertussis in Phase I. 
These are freshty isolated strains with smooth colonies, virulent for animals, 
and containing in their surfaces an antibod 3 '’-stimulating antigen which becomes 
coinpletelj" lost upon repeated subculture. Of the specific fonns of treatment, 
human sera, convalescent or hj’^perimmune, have received more encouraging 
reports than have animal sera or vaccines prepared from the whole Bordet- 
Gengou bacillus or its fractions. • 

Bacteriologic examination with the well-known cough plate method is still 
the most valuable single laboratoiy aid in the catarrhal stage of the infection. 
The difficultj’’, however, in getting a -vugorous cough in infants at the proper 
times has led to poor success in diagnosis with this age group. Bradford and 
others have introduced recentlj’’ the taking of nasophaiyngeal swabs in sus- 
pected cases diiring infanej', and their results have been highlj’’ favorable. 

\Vcll-choscn illustrative data, excellent photographs and carefullj’- selected 
bibliograiihic references contribute to the value of this review. I. AV. 


Noxious Gases and the Principles of Respiration Influencing Their Action. 
By Yandell Hendeiison and Howard W. Haggard, from the Laboratory 
of Aiiplied Pln-siolog}’, Yale University. American Chemical Society Mono- 
graph Series. Seconded. Pp. 294, A'arious tables. New York: Reinhold 
Bnblishing Corp., 1943. Price, $3.50. 

This revised edition is an excellent treatise covering the many aspects 
rwpiircd in a thorough consideration of the noxious gases. These gases arc 
(4a.^sified according to their chemical comjiosition and by their physiologic 
actions. Their list is extremely comprehensive and includes anesthetics and 
volatile drugs, as well as many other substances seldom embraced in the 
catogoiy of noxious gas. 

.ynong the subjects treated are the laws of gases and vapors, complete Avith 
tables and formula' for the calculations of s])ccific problems invohing them, 
l inally, the chmeal manifestations resulting from the inhalation of each gas 
and^ the thcriApcutic methods for combating them are discussed. 

This work is remarkably inclusive and its material is e.xceiientlv presented. 
It IS a valuatde reference volume for physicians in general and should prove 
nutispen>anle to tiuwo harried hv industrial problems. C. C. 
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^Iethods fou Diagnostic Bacteriology. B}’ Isahelle G. Sctiavb, 
Instructor in Bacteriology-, Department of "Pathology- and Bacloriolng\*, 
The Johns Hopkins University- School of Medicine; Bacteriologist in Clmro* 
of the Diagiiostic Bacteriological Laboratory- of the 'Woman's Clinic, Tho 
Johns Hopkins Hospital; Instructor in Bactcriolo^- in the Nurses Training 
School; and M. Kathleen Foley, A.B., Bacteriologist in Charge of thr 
Diagnostic Bacteriological Laboratory- of the Medical Clinic, The John« 
Hopkins Hospital. Second ed. Pp. 430. St. Louis; C. V. Mosby Com- 
pany-, 1943. Price, S3.50. 

This is a new edition of the manual of bacteriologic procedures and tech- 
niques as practised at the authors' hospital. In the 200 pages of text, the 
jnocedures for the isolation and identification of human pathogens are well 
outlined. The book contains 3 parts: 1. Bacteriological Diagnosis, II. 
logical Diagnosis, and III. ^ledia, Stains, Reagents and Tests. A new cha|>- 
ter (Chapt. 2) has been added—the rapid identification of pathogens by 
colony- morphology-. 

The authors stick mainly- to one procedure for each test —a tried and true 
one. Many- laboratories might find this manual inadequate for their nee«b. 
Especially- tnie would this be in the Wassermann reaction, other coniplcinrnt 
fixation tests and flocculation tests being entirely- neglected. 

While not covering the entire field of diagnostic bacteriology and iinmit- 
nology-, it does bring together many proven techniques and procedures of gn'at 
value to medical students, internes and technicians in diagnostic Inboratoric>. 

F. K. 


Essentials of SYriiiLOLOGY. By- Hudoli’ii II. Kampmeieu, .A.B., 
Associate Professor of Medicine, Vanderbilt University School of Medicine; in 
Charge of the Sy-philis Clinic and Visiting Phy-sician to A'andcrbilt UniversiD’ 
Hospital. With chapters by- Alvin E, Keller, M.D,, and J. Cyril Pirrm;* 
SON, M.D. Pp. 518; 87 illus. Philadelphia, Ijondon, Montreal: •!. H 
Lipj)incott Company-, 1043. Price, ?5.00. 

This welLwrittcn book is another in the series of ** Essentials" being 
lished by- the Lipjnncott Company. It represents an attempt by the 
to meet the needs of the j)ractitioncr of medicine in tho field of syphilolop'- 
Although tho author makes no claim to originality, the material i-^ iLter- 
sj)ersctl with the results of his investigations and those of his colleague^, a< wj .. 
as case material from his Vanderbilt University SvjJnlis Clinic. On tin* 
whoever, the vie\vj>oints expressctl arc more or less .«tan<lard. 

The volume does not seem to the Reviewer to fulfill entirely tlu* ^ ^ 
text "written by a general practitioner for the general ])ractitioner," a** b 
not snpidy, for instance, sufficient working technical details, for the relativrA 
uninfonnefl, of such procedures as dnig mixing, technique of drug adnunj^L-"* 
tion, lumbar puncture, and so forth. , 

Dite sy-phili^, tho practitioner s cliief j)rof>Iein, is only briefly d^^erd’'- ^ 
Little attemyit is made to suggest the nee<l for eoTnjKjtent eonMiltation, 
the practitioner inav feel that tht'so brief df^-criptions fif vi-eeral sypliiu^ 


Little attempt is made to .Mjggest the nee<l for eoTnjKjtent conMiItatiori, 
the practitioner may feel that tht'se brief df^-crijitions fif vi-ceral sypliiu^ 
adi^fpiate to giiide him in practice. ^ 

In spite of such item-, however, we n^gartl the wr>rk a- a go*''! 
text f(»r rapid, ujv-tiMlato review f»f t!u» '‘K--entiab*’ of vyphilology in ' 
ph:w*^» nuKliral nn<i ‘■mdril. ^ fi. D 

Vitamin> and !ioeA!os*f>. F.ditisl by Rouki:! S. !l f*r‘ ^ 

of Nutritinnrd lh<»^h‘"*Tni'‘try, Ma.^'-ar'hn-^tt*" hi'^titute of y j 

Kenneth V. Thihxnn, Pfftff'--or of Plant ^ 

UnivKT-ity. VoL I. For'Wvord by E. V. MrCoLLVH. John- | ' 

vor^ity. Pp. 452: many- ar^d fir-. Srv: 5'ork: b 

lfM3/ Pri^’N 

V t namNf; to r.f v.r.at f- fo N- a 

.if’vearlv ar.d I v.?.-?; I ' 
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testing (u'hich explains the disrepute into which this practice is falliniih The 
truh; remarkable specificity of the antigen-antibody reaction, the lilnitation^ 
of climatothcrapy and the distinction between local hypersensitivity and the 
ability of the contactant to act as a primary irritant are topics worthy of Tjote. 
The text should prove of great practical value to those with general or special 
interest in this field, and is heartily recommended. E. \V. 

Memoiu of Walter Reed. The Yellow Fever Ei)isode. ]\y Ai.nnnr K. 

Trudy, Brigadier General, U. S. A., Retired. Pp. 2.S9; 20 figs. New York 

and London; Paul B. Iloeber, Inc., Medical Bo(jk Department of Har|K'r 

Sz Brothers, 1943. Price, SS.oO. 

In his earnestness to i)resent all the documentary' and factual data ])ertainini: 
to the discovery’ of the cure and })revention of y’cllow fever, the author, for HMin' 
at least, has sacrificed reader-interest. Without a doubt the yellow fever 
episode is one of intense dramatic interest-happening as it lias within the life- 
time of many’ of us. An untold amount of material has been written alxnit 
difTerent ])hases of the study’; and naturally’ distortion of facts has crept into 
some of these writings. Thus, the purpose of the author has been to ‘‘clear up 
all doubtful or disputed points, to evaluate, as far as jiossible, the ])art playi'^l 
by each of the chief actors and to make an authentic and factual liistory of tic* 
great demonstration.” Inasmuch as Brigadier General Trubv was one of t la- 
main actors in this drama, he is well qualificrl to follow out his (4>jective. 

There is no doubt in the mind of the Reviewer that the author has set fortli 
the pertinent facts with great accuracy and i)ainstnking detail. It is incrrly 
tinfortunato that such painstaking detail should detract from the vividrie-^ 
the characters portray’cd, so that tliey* tend to become names on a jKUzeand fail 
to stand forth as human beings. Even though the great j)orsonality of th*- 
book, Walter Reed, is talked al)Out from almost the first page “-one still d'y* 
not have a clear conception of RcchI the Man. Ilis reputation as a scicnti-t 
was established before his untimely and early* death from af)pendieitis so that 
this book is not concerned with building him uj) frmn tliat angle — hut we still 
do not actually’ know the human side of tlie great srientist, and this would liriv‘‘ 
addc<l mucli to the interest of the book. Yet we must not lose sight of tie* f:wt 
that such a book as this should be written, so that as hi'^tory* attain*^ m<ir»Mii 
|H*rsf>eetivc on this me<lieal ef)o<-h, tnm facts will not becorm? di^tort^xl i»r l‘»*< 
a< the aetivr^ participants di-api>ear from the scene. 1- 1 - 


NEW BDDKS 

•l//crf77. By Eiuch runAfii, M.I)., Chief r)f Allergy Serviee, Jewi-h 
Philadelphia; A>soci.ate in Dennato]f)gy’, Enivt'rsity of Penn^vlv.ania Pi'l:;”* 
of Me<licine; and Pfin.ii* M. Gottued, M.I)., As-oeiate on Alh^gy 
Jewi^li Ho-pital, I^iul.arielphia; Iri-itructor in .M#*tlicine, Eniver-ity of P' •••■' 
sylvania School of Mc-ilirine. pj). IKK); 4fK) iliii<., SO t.abh'- and 
New V('rk: Grune A: ,^tratton, Inc., 19K5. Prire, .S1*2.IK). f ftr viev*ed, p 4L ■ 
■Xnr.nnl Htiinr nf /foW.# \’<A. XII. EditefI by .lA'aF^ ‘ ■ 

St:inf<»rd Eniversity; A^-^K-iate I/Iitor Ja\!f:-'' IL E. f'arTe'/e* b: *’' 
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A Synopsis of Clinical Syphilis. By James Kirby Howles, B.S., 

M.M.S., Professor of Dei-matologj' and Syphiiology, and Director of the 
Department, Louisiana State University School of Medicine; Senior Visit- 
ing Physician, Charity Hospital of Louisiana at New Orleans; Visiting 
Physician, French Hospital, Mercy Hospital, Hotel Dieu, Southern Baptist 
Hospital and Touro Infinnary. Pp. 761 ; 121 illus., 2 color plates, St. Louis; 
C. V. Mosby Company, 1943. Price, $6.00. 

Memoir of Walter Reed. The Yellow Fever Episode. By Albert E. Teuby, 
Brigadier General, United States Army, Retired. Pp. 239; 29 figs. New 
York, London: Paul B. Hoeber, Inc., Medical Book Department of Harper 
& Bros., 1943. Price, $3.50. (See Review, p, 418, this issue.) 

Rchabiliiaiion of the TFar Injured. Edited by Williaji Brow Doherty, 
M.D., and Dagobert D. Runes, Ph.D. Pp. 684; many figs. New York: 
Philosophical Library, 1943. Price, $10.00. 

The Boy Sex Offender and His Later Career. By Lewis J, Doshay, hl.D., 
Ph.D., Psychiatrist, Children’s Courts, New York City; fonnerly Senior 
Assistant Physician, Manhattan State Hospital, and Attending Specialist 
in Neuropsychiatry, U. S. Veterans Hospital, New York City. Pp. 248; 
40 tables, 12 diagrams. New York; Grune & Stratton, 1943. Price, S3.50. 
The M icroscope and Its Use. By Frank J. Munoz, Technical Microscope Con- 
sultant; in Collaboration with Dr. Harry A. Charipper, Professor of Biol- 
ogj'. New York University. Pp. 334; 122 figs. Brooklyn, N.Y.: Chemical 
Publishing Company, Inc., 1943. Price, $2.50. 

Cytology and Cell Physiology. Edited by Geoffrey Bourne. Pp. 296; 
several figs, and plates. New York; Oxford University Press, 1942. 
Price, $6.00. 

Medical Clinics of North America. Symposium on Physical Therapy. Mayo 
Clinic Number. Pp. 317. Philadelphia: W. B. Saunders Compan}’’, 1943. 
Price, $16.00 per year. 

Addendum to the Chemistry of the Amino Acids and Proteins. Edited by 
Carl L. A. Schmidt, M.S., Ph.D., Professor of Biochemistry" and Dean of 
the College of Phannacy, University of California. This is a supplement 
to the Second edition. Pp. 155; figures and tables. vSpringfield, 111.; 
and Baltimore, Md.: Charles C Thomas, 1943. Price, .$5.00. 


NEW EDITIONS 


Mrlhoits of Treatment. By Logan Clendening, kl.D., Clinical Profes.sor of 
Medicine, Medical Department of the University of Kansas; Attending 
Physician, University of Kansas Hospitals; and Edward H. Hashinger, 
A.B., AI.D., Clinical Professor of Medicine, Medical Department of the 
University of Kansas; Attending Physician, University of Kansas Hospitals; 
Attending Physician, St. Luke’s Hospital, Kansas City, Mo. With chapters 
on Sjwcial vSubjccts. Eighth ed. Pp. 1033; 138 figs. St. Louis: C. V. 
Mosby Company, 1943. Price, $10.00. (See Review, p. 414, this issue.) 

Clinical Parasitology. By CH..^RLEs F. Cr.ug, M.D., :M.A. (Hon.), F.A.C.S., 
F.A.C.P., Col, U. S. Anny (Retired), D.S.M., Emeritus Professor of Tropical 
Medicine in The Tulane University of Louisiana, New Orleans; and Ernest 
C. Faust, M.A., Ph.D., Professor of Parasitology in the Department of 
1 ropical jMociicinc, The Tulane Universitv of Louisiana. Third ed. Pp 
767 : 284 illus., 4 colored plates. Philadelphia: Lea & Febiger. 1943’ 
Price, $9.00. 


IhKntgcnograpliic Technique. By Daemon A. Rhineh.\rt, A.M., M.D., 
K.A.t .B., 1 rofe.ssor of Roentgenology and Applied Anatomv, School of 
Motticni^e. I niver.sity of Arkansas; Roentgenologist to St. ^’incent’.s Infir- 
n Hosiiital and the Arkansas Children s Hospital, 
liUle Ivwk flurd Oil. Pp. 4TI; 201 engrav. Philadelphia; lia & 
Vebigor, 1943. Price, $.5..50. 
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A IVorkbook of Elcvicntanj Pharmacology and Thcrapcutm. By Lvkluk i\ 
Smith, ^LD., B.S. Second ed. Pp. 300. St. Louis: C, V. Mosby Com- 
pany, 1943. Price, S2,00, 

This looso^lcaf book is primarily nn extensive review of mathematics for nurM‘.< 
\ritli emphasis upon the preparation of solutions and h>*podcrmic doses and uj ou 
<'onx*crsion from metric to apothecaries system. Some practical information conreni* 
inK the administration of drups is included in the last third of the Ix^ok. hut thi< 
ran scarcely bo called pharmacolopj’ in the modern sense. It is worth notinc tlmt 
the major portion of the book would be unnccessar>* if the medical and nursinc 
sions would adopt the metric system. J. C. 

77/C Modern Trcatmait of Syphilis. By Joskpii Baulk Mqoiik, M.D., 
ciatc Professor of Aletlicine and Adjunct Professor of Public Health Adminiy 
tration, The Johns Hopkins University; Physician-in-Charge, Syjdulis divi- 
sion of the Medical Clinic, and Visiting Physician, The Johns Ilopkiin 
Hospital, Baltimore; Special Consultant, United Stales Public lle.alth Ser- 
vice. With the Collaboration of Jauold E. Kkmp, M.D,, IIauuy Eaoi.k, 
M.D., Apul Padget, AI.D., AIauy S. Goodwix, M.D., Fuank Beynouks 
M.D., of whom all are incinbcrs of the faculty of the Johns Hopkins I ni- 
versity. Second ed. Pp. 717; 109 figs, Springfield, 111., and Haltimoro, 
Aid.: Charles C Thomas, 1943. Price, S7.00. 

This fresh version is a rejirint of the first .32 chapters of the 2d edition 
chances, while Chapter on “IntenMvc Arsenotherapy of Karly i^yphili*^ i' 
rompletoly rewritten and hroiipht up-tcwlntc and there is nn addition of a aith rh-'\p- 
ter on “Venereal Disease Control in the Army and Navy.” ^inoe a criticnl ^ovw^' 
of the first 32 eliapters has recently ajuieared in this Journal (204, 120, 1012) it rerntn-j 
only to rnention that Moore and his associates have provided a frtiitful sourn' 
reference material for two pressing: problems in today's Syjihilolojo* 1*' 

CORRECTIOX 

In the Progrc.«^s article by Alan' Bcn«on Hall on “Xatiscn and 
Vomiting of Pregnancy” appearing in the June number of this 
Journal, ]). S72, Itcfcrcnce oG (Straubs, AI. B.) pbould be (*liangc<l 
to 3G (Luikart, R.). 

Notice to Contributors. Manuscript.*! intended for publication in the Awrairts 
JouRSAt. or Till: MmiCAt. Scir.N'CKs, and correspondenre, ehould I>e rf*ni to the 
Dr. KnwARn P. KRViinnAAR, School of Medicine, University of IVrmsylvanin. Vh\A- 
delphia *1, Pa. .Articles are accepted for publication in the AitKRtCAN JoritSAi. or 
Mr.DiCAi. SciKNcrs exclusively, except in the case of ?uhsc<jurnt publication in 
proceedinjrs. , ^ , 

Instructions to Contributors. MAKUsenirra ehould l>e tjT^^written on 
the paper only, and ehould l>e double spaced with liberal margins. The 
position and. when possible, the Department from which tlie work is pro^lu'‘ed 
Ih* indicated in the rjbtitle. iLLrrrRATiON?! accompanyinK artielrs should l>^ 
and have typed eaptione l>e.arinK correspondinK numl>ers. For id^'ntifi'^atior. 
should a!«o have the author’s name written on the mnrfpn or bark. The recomtn'"'- 
lions o! the .American Me<iical Aswrialion Style Book should l>e followed. 
should be numl>ered and at the end of the articles, arranced al;i!ial>e!i'-aUr 
to the name of the first author and ehould l>e complete, that i». author’s y 

volume. pa;:e and year (in -Arabic r.umbersl. ^ ^ 

Ur.Tvr.s PosTAOt should accompany all Tnanusrripts but wiU l-rf* re*urr.»-d ?*' 
»uih.''r if the manuscript i*' a^ce;>ie^L 


NEW NOTICE TO CONTBIBUTOP-S AND SOTSCniEEES 
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INTRADERMAL TEST FOR SUSCEPTIBILITY TO AND IMMUN- 
IZATION AGAINST WHOOPING COUGH USING AGGLU- 
TINOGEN FROM PHASE I H. PERTUSSIS* 

By Earl W. Flosdorf, Ph.D. 

ASSISTANT PROFESSOR OF BACTERIOLOGV 

Harriet M. Felton, M.D. 

ASSISTANT INSTRUCTOR OF PEDIATRICS; ASSOCIATE DIRECTOR, PHILADELPHIA 

SERUM EXCHANGE 

A. Bondi, Pn.D.f 

AND 

Aims C. McGuinness, M.D. 

ASSOCIATE IN PEDIATRICS*, DIRECTOR, PHILADELPHIA SERUM EXCHANGE 
PHILADELPHIA, PA* 

(From the Departmonts of Bacteriology and Pediatrics, School of Medicine, University 
of Pennsylvania, and The Children’s Hospital of Philadelphia) 

At the present time, 4 substances are available for use as reagents 
in skin testing for susceptibility to whooping cough. These are 
suspensions of killed Hcmophihis perhmis, extracts of these bacterial 
cells, purified toxin and purified agglutinogen. The first 2 reagents 
have proven unsatisfactory because they represent gross mixtures of 
the several components of the bacteria and these individual compo- 
nents liave conflicting reactive properties. Attempts to classify tested 
individuals into immune and susceptible groups with these 2 reagents 
have given confusing and overlapping results. Strean’s results® with 
purified toxin indicate that this reagent does not distinguish between 
susceptible individuals and those who have been successfully immun- 
ized with killed whole Phase 1 11. 27crfnssk cells, such as composed the 
vaccines of Saner,' Kendrick and Eldering,^ Miller and Faber Singer- 
Brooks.® and others. This purified to.xin apparently distinguishes 
from the susceptiblcs only those recovered from the disease and those 
iimminized with toxoid. 

The rationale of the use of agglutinogen in such a test has 
been discussed previonslyS’® Results obtained until now with the 

* This is pBper XI in n series “Studios wth II. pertussis/' 

in B.icteriolopj- and Immunolocj-, Temple Univorsitv, ?cbool of 

Medicine, 

vou *0(', NO, 4— ocTonnii, 1943 
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te.st have shown that purified aptrhitinogen accurately classifies tin* 
iinnuine and tlie su.sceptil)Ie individuals in accord with their histories, 
both of incidence of disease and of vaccination. detailed analyst 
of some of the first clinical results obtained is reported elsewhere.* 
The test itself and the metliod of carrying it out are descri[)ed liere 
for the first time and the significance of the results is discussed. The 
total number tested and which are now l)cing rej)orted has been 
extended to 931. 


Method. Ten units of agglutinogen in a volume of 0.1 ml. of 0.85 .MKlium 
chloride solution are used for intraciennal injection. The container with dry 
agglutinogen is scratched with a file and opened in the usual fashion. Th^' 
proper quantity of sodium chloride solution is adde<l. The agglutinogen will 
l)e found to dissolve instantly, and after slight agitation it is withdrawn int«» 
a .s\Tingc. A preservative is not added because one not causing deterioration 
of the product or a false jjositive reaction in certain indinduals has not Ixvn 
found. Unused agglutinogen should not be stored after di'^solving, utih*>' 
kept frozen, because of possible contamination. 

The intradennal injection is made in the usual fashion. In immune children, 
two types of response may be oI)tained: tlie immediate or wIioaMike reaction, 
and the delayetl or tuberculin type of reaction. Some children may show botli, 
some one or the other. Headings are made at two times, hour and ah<;nt 
2*1 hours after injection. Induration is (he detonninant factor in a po-itive 
immune reaction to distinguish it from a negative susceptible reaction. IhUH 
bing the finger over the site of injection fre<|uently may aid in detennining tin* 
evtent of the reaction. Ery^thema may or rinay not he f)re.<(*nt and if priwnt 
should not be considered. Ery*thoma witliout at least some induration rc*r- 
mally is not observed, and in the event that a non-induratf^d redaction 
be -‘'U>pf*rted, it should be e.vamined veiy carefully. If it definitely' i** n»»Ue 
ing more than a fiare f»f redness, the reactirm should be cla'^'^lfH^l necatoc 
>ii<ceptible. 

An area of 10 mm. is regarded a< the uj>j)er limit for a negative reaction, tn-* 
allowance being necosary' I>ecau>e certain nonnal skins give a slight 
to the trauma of the injection. Xo untoward local or sy’.-'teinic reaction- ha'^c 
Ikhti observe^l in the approximately 1000 children t^s-twl so far. 

The following ha^ been u-chI as a eI.a-<ifica(ion for grading tin* reactiori'^' 

PI ' positive immune: a well-induratKl reaction (with or without erytlein-* 
20 imn. or more in diameter at cither I hour or 24 Iiours or \>nth, 
\VPI--we.nkIy j^^itive immune: an indurate<l reaction (with or 
ery'thema^ riot (*xcwling 2t) mm. in diameter at eltleT J h<»tir or 24 hour*, e 
at le.a-t 10 mrn. in di.ameter at either time both. 

X*S negative >u.-eeptibk»: no indurat^‘^i reaction at 'uthcr * laeir 2t 
b*'Voinl an area 10 mm. in dianu-ter. 


Th»* reactifin will Iw^ friund to fad** (piickly*, and u-u.'dK' In »)0 hour- 
will have di-ap;>^*arnl. In negro children, immiHiC ••u-crptild“, *ou 
pigmcntatioti may’ b*‘ ob-erved, wiii*‘h i- not alfnormal in tin- rarer. 








d-nnal inj*‘vtiori. 


Results. *l*iie r?-'idt‘*' olUainetl in tlVt cliiMrcn ifli Oio’.' n 
arc in !. hi'titrii'- uert- 

ir!'titufi"rt' itii'i of 'irf.Jfj'-nra »- i- 

that <t!iU' * vith a r’.'-.'ativc hi-tnrv i .i a fa! ’- ^ 

r*-a<-tinn. Ti:*- p.ittt'ri! or i!i triliariH'! i.f r-- -ulf ' ofi'a!.'”! ’'■.••■y, 
•A-ith p-r-itivr fli-tr.ri'-’ *■;!!!'■.- t!i.- i.n.f i; v. !ri/ 
i- a -'>!!'! ptrti -! irritriunt?;- ii. af! •'•yy 

rh.-’- '.tia:;.- ;• (/>r. rn h- T.'ii, \v.:"r.i‘ t.’l ^ 
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the children in the study having a positive history of the disease, did 
not have the diagnosis confirmed bacteriologically. There is always 
the possibility of B. 'parapertussis having been the causative agent and 
a positive immune reaction in such a case would not be expected. Some 
of those in the vaccinated group were from an institution where it was 
found subsequently that the vaccine used was of low potency. 

Table 1.— Results of Skin Testing With Agglutinogen 



No history of disease 
or vaccination 

History of 
whooping cough 

Vaccinated 

KeaetJon 

"1^0. 

% 

No. 

% 

No. 

% 

Positive 

. . 1 

<1 

116 

53 

174 

56 

AVeakly positive 

. . 0 

0 

78 

36 

114 

36 

Negative 

. . 121 

>99 

24 

11 

23 

8 




— - 



— - 



* — 

Total .... 

. . 122 

100 

218 

100 

311 

100 


The inclusion of an intermediate group, WPI (weakly positive im- 
mune) we believe should be of considerable interest. All immunity is 
relative. There are those with an intermediate or partial degree of 
immunity in whom the protection may be sufficient only when the 
cxpo.sure is not overwhelming and when the general resistance has not 
been lowered. The WPI group may serve to deteet those individuals 
who have sueh a partial immunity. 

In a ehild without known history of the disease or of vaccination, 
there may be some immunity as a result of contact or subclinical infec- 
tion. It should not be surprising occasionally to find some degree of 
immunity indicated by the test in such a case. For this reason, in the 
jiresent study, in the control group were included only babies within 
the age group of 6 to 14 months. In this group it is improbable that 
immunity might exist because whooping cough seldom occurs with 
.sufficient mildness at this age to go undiagnosed. Under 6 months of 
age, of course, the skin cannot be assumed to act reliably. 

A group of 281 “unknown” older children were tested. Of these, 
4o% showed a positive immune reaction, and 31% a weakly positive 
immune reaction. 

Agglutination titers were determined in 173 children before skin 
testing. It was found that all those having an agglutination titer of 
1 to 20 or higher give a positive, or weakly positive, skin test indicating 
at least some degree of immunity. On the other hand, individuals 
having no agglutination titer may also give a positive or weakly positive 
•skin te.st indicating some degree of immunity. The explanation seems 
to he that the test is an indicator of fixed antibodies. On this basis 
the test is positive, at least to a limited extent, in all of those having 
circulating antibodies and also in those having only fixed antibodies 
and without detectable circulating antibodies. This suggests an 
cxpluuatiou of the failure of agglutination titers to provide an accurate 
prediction of susceptiiiility to whooping cough, fixed antibodies not 
being detectable by agglutination. In harmony with these considera- 
tions Miller and collaborators, in a recent stvidy with 554 children, 
have .shown that whereas a negative agglutinative titer does not neces- 
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sarily indicate susceptibility, a significant positive titer do(*s indicate 
clinical immunity. 

It is striking that a single skin test injection of agglutinogen product's 
a marked rise in the agglutination titer of serum from those individual 
showing a positive or weakly positive reaction initially. This increase 
in agglutination titer occurs regularly in all cases even though the titer 
initially may have been zero. (Of course, there is no increase in 
agglutination titer as a result of the test wJjcre initially the titer is hich 
and close to the usual ceiling.) In some cases, the agglutination titer 
as a result of a single injection inav rise from zero to as high as 1 to 
10 , 000 . 

In 65 of the children, it was possible to obtain blood 10 months after 
the test liad been performed. The agglutination titers were deter- 
mined and it was found that in all cases the elevation in titer had. 


persisted. In just a few cases, there was a slight decrease from the 
peak reached. Xone showed a major decrease in titer. 

Those individuals giving a negative skin reaction retiuire repeat^] 
skin test doses in order to reverse the test and to produce a signifinuit 
agglutination titer. Usually 3 such doses arc required. 

These results suggest that agglutinogen might i)rove to l)e a valuahh^ 
reagent for use in immunization, as well as for determination of mh- 
ceptibility. Particularly would the reagent be of value for skin testinc 
at some time following tlie primary vaccimition. Uscrl at thi*^ tina' 
in a single dose, the reagent would serve both to determine the degree' 
of immunization resulting from the primary \’aecination and » 
‘'stimulation” reagent for immunization. This would fit irj well with 
the currently favored proccfhire of stirntdation of immunity in 
ing cough at about a year following the primary vaccination in ord* r 
to j)rodnce a more nearly comj)leto immunity. 

In a careful study of a small institutional epidemic, it was indi<*:Gn 
that the use of agglutinogen as a skin test reagent accurately predfet^y 


susceptibility. Also apparently the j)art!al immurnty of miujy 
viduals was stepped Uf) enough to jirotcct tliem from the current 
tion. Thus the numher of su«(’.rj)tif)Ic individuals wa^ definitely iU- 
From the e[)iderniologIc y>oint of view, tlii'^ i*** a very 
finding bc(‘:iu<e by means of this ti-si not only are tho*<- few 
^us^t'ptibIc individnal> singh‘<l f>!it. but tho-*^’ witli a partial immnn'<. 


become more afle^piately j)rotect^sl. 

Conclusion. It aj)pvars from tiu'* study that tfie j)urifi‘'^I 
gen f)f //. “^hotild j)rovIde. a*' an etee!!»- 

for in ci»ntrtd wlc>*»[>inc cough. ^Ihi*' votdd b** r 

detecting whi<-h indivhbiaN iti a gnejji nrr -rj b 


nt 



stimulating itr.unnmty in tho-e {javir;g btit a ftarti^d d^'gr*'' 


<if the test. 

Sumrnsry. -^kin t»**t ntih 

reagent irnrrnne* and - 

iheir IMnry of 

The tf^t r.u: abo b-* a ^ a t:i 

tittle foH e.*'U;g pntnar. ^ - 
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of immunity resulting from the primary vaccination itself.^ In those 
individuals having an existing immunity to pertussis at the time of the 
test, a marked increase is produced in the agglutination titer. In those 
with no initial immunity, repeated doses will produce a reversal of the 
test and an agglutination titer. The reagent gives promise of value, 
at the time of epidemics, not only to determine those who are sus- 
ceptible, but also to increase the degree of immunity in those having 
but a partial immvmity to pertussis. 

Addendum.— The preparation of agglutinogen following acid extraction has been 
described by Smolens and Mudd^o; this may be simpler as well as providing a method 
which can be more generally applied. 
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THYROTOXICOSIS AS THE SOLE CAUSE OF HEART FAILURE 

By 'William B. Likoff, M.l). 

AND 

Samukl a. Levine, M.l). 

BOSTON, MASS. 

(From the Medical Clinic of the Pelcr Bent Brigham Hospital atid the Depart meiit of 
Medicine, Hansard Medical School) 

One of tlic most brilliant advances in the modern treatment of heart 
disease concerns the small but significant group of thyrocardiacs. As 
a result of increased diagnostic facilities, the great improvement in 
prcojicrative medical care, and the advances in surgical technique, 
many patients suft'ering from even advanced congestive heart failure 
or incapacitating angina pectoris are restored to good health when 
they arc found to have thyrotoxicosis. The general dictum that under 
imiper care no thyrocardiac is too sick to be operated upon is alrao.st 
literally true. It must he appreciated that these eases are peculiar. 

that the ordinary measures employed in the treatment of lieart 
failure prove incftective and improvement and recovery only take 
place when the underlying burden of thyrotoxicosis is removed. In 
that sense they constitute possibly the largest group of so-called 
turahle or reversible heart disease. Numerous publications have 
appeartnl during the past two decades emphasizing the importance of 
recognizing the less obvious of these cases which have been called 
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"masked thxTOcardiacs/' Despite this great interest., fairly competent 
phj'sicians still overlook these cases for many months or years, per- 
mitting invalidism to continue that is entirely unnecessan'. 

One of the practical difficulties in this problem is that when the 
ob^’ious evidence of h^’perthAToidism (exophthalmos and thjToid 
enlargement) is absent these patients have the s^miptoms and signs 
of heart failure similar to those that are commonly met with in genera! 
practice in patients who have no hA'perthjToidism. In other words 
they are not unlike those who have hypertensive heart disease, coronary 
artery’ disease, rheumatic vahnilar disease, or any’ other common form 
of heart disease. The difficulty’ is increased because of the fact thai 
most thyTocardiacs with heart failure also have these additional 
burdens on the circulation. The result is they’ are treated for valuilar 
disease, coronary’ artery' disease, or hypertensive heart failure (which 
they’ often have) and the additional ^y’rotoxicosis is entirely over- 
looked. Finally., thyTotoxicosis per sc may’ produce signs and sy’niptoni? 
which closelv simulate those foimd in mitral stenosis." Under such 


circumstances, the physician may treat a case for mitral stenosis when 
no such lesion is present and when the entire illness is due to “inasheii 
hyperthyToidism.** The methods employed in detecting "masked 
hyperthyToidism” have been adequately’ discussed in the past- ana 
will not be taken up here. 

It has long been known that when hy’perthyToidism is associated 
with heart failure there is almost always some other independent ty{V 
of heart disease. In fact, this has been so common and so strikini: that 
some authorities would lead us to believe that thyTotoxicosis alone 
never produces heart failure.^ To be sure, one is frequently impress**ti 
by’ instances in which a thyToroxic state has persisted for many* 
w’ithout any’ failure. However, there have been reported cases of ht-^n 
failure in which no other etiologic factor could be detectcfl ex<tp: 
liyperthyToidism.^ iSome investigators are tempted to explain 
latter cases on the basis that heart failure occurs because of unrtMtc- 
liizcd coronarv arterv disease, invocardial fil)ro5is. or otluT >cnnc 
changes,'' It is the purpose of this paper to offer clinical 
indicating that thyTotoxicosis can be the sole cause of c*onre>iive luatw 
failure. 


All cases with thyTotoxicosis in which a subtotal thyroidcciorn;.^ 
was performed at the Peter Bent Brigham Hospital between 
1P41, inclusive, w’cre analyzed in this study’ (Table 1). All 


reganied as having increased tJiyToid function wlietlier as a j^r.r 
f Hit use hy'peplasia or toxic adenoma w'erc includal. Tliere 
such cases, females and 05 rnaleSt a proj>ortion of more tlian -* t 
These w'ere divided into two gr(»ijr>-: "non-eardiao ur 



and "cardiacs” (7S or The fonner 

in which no other type of hca.rt disc’ase. 
existed. The latter 7S cases included 4 
disease (the MckkI pressure brinz found 
e.xamination>). with definite riieurnati^ 

either anSnn inx-tfr:-' r.r f<.r.U!e.ry tfimnilu 


Cf >ns!st c*fi of tho-e in-tai 
apart from tliyTotoxid 
5 with hy^K'rtensive h* 
abo'r'c j r>0 on 
• valvular 1- 

»si', and oik* vutij 
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aortic insufficiency. Further analysis showed that 4 ol the rheuinatic*.s 
and 8 of the coronary cases had liypertension in addition, indicating 
that there really were 57 cases with liypertension. It also inay he 
added that 2 with rheumatic heart disease had definite angina, increas- 
ing the total of the coronary group to 14. It is obvious that independent 
organic heart disease is not uncommon in patients with thyrotoxicosis. 
The large number (5% of the entire 409) with rheumatic valvular 
disease is particularly impressive, for the expected incidence of rheu- 
matic heart disease in the population of this community is no more 
than 1% to 2%. 

Taui.e 1. — Thyrotoxicosis With Subtotal Thyroidectomy 
(Peter Bent Brigham Hospital, 1923-41) 



No. of 
p.atient.s 

KoiiihIcs 

Malfus 

Average 

aRO 

(yr.) 

Average 
duration 
of tiiyro- 
lox'ieo.sis 
(mo.) 

Aunciilar 

fibrihation 

‘ Non“car(lia(%s”: 
Compensated . 

. 310 

240 

70 

40 

S 

22 

Doconipensatod 

21 

19 

o 

44 

20 

8 

Severe 

8 

7 

1 

45 

55 

7 

Moderate .... 

13 

12 

1 

43 

12 

1 

Total 

. 331 

259 

72 

40 

9 

30 

** Cardiacs” ; 

Compcn.salcd . 

39 

28 

11 

53 

7 

0 

Docom])onsa1ed 

39 

32 

7 

52 

10 

23 

Severe .... 

23 

19 

4 

52 

9 

20 

M(»derjite 

10 

13 

3 

52 

11 

3 

Totui 

7S 

00 

18 

53 

S 

29 

Ifypertcnsivcs: 

Compensated 

27 

19 

8 

54 

8 

5 

Decompensated 

Total .... 

IS 

15 

3 

57 

11 

8 

45 

34 

11 

55 

9 

13 

Coionary artery disease: 

Compensated 

S 

5 

3 

5G 

7 

1 

Docom\)ensatod 

4 

4 

0 

01 

10 

3 

Total . . 

12 

9 

3 

58 

8 

4 

IHioumalic heart disease: 

Compensated 

4 

4 

0 

43 

G 

0 

Decompensated 

10 

13 

3 

44 

S 

12 

Total 

20 

17 

3 

44 

S 

12 

Luetic heart disease 

1 

0 

1 

52 

S 

0 

Grand total .... 

. 409 

319 

90 

42 

0 

59 


Of f^reater interest was the occurrence of congestive lieart failure. 
By this term is meant the appearance of objective evidence of con- 
gc.stion, such as pulmonary rilles, hydrothorax, enlarged liver, and 
peripheral edema in addition to the subjective complaints of dyspnea, 
cough, palpitation, and weakness. Patients having only subjective 
.‘symptoms such as palpitation (even if auricular fibrillation Avere 


present), or breathlessness, and those showing definite cardiac enlarge- 
ment, hut without the objective signs enumerated above, were not 
regarded as having heart failure for purposes of this .study. The history 
of swelling of the feet was very common in this grouj), but was not 
sufheient to classify the case as iia\'ing heart failure unless pitting 
e<|ema was observed in the hospital. The degree of heart failure Avas 
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Analysis of the sex relationship among these patients reveals the 
fact that women bear thyrotoxicosis less well than men. It was found 
that while the proportion of female to male among those who did not 
have heart failure in the “non-cardiac” group (310 cases) was 3^ to 1 , 
the proportion for those who went into failure was 1 0 to 1 in favor of 
females. The corresponding figures for the 78 cases belonging to the 
“ cardiac” group were 2| to 1 for those without heart failure and 4? to 1 
for those with failure. It is not clear from this study why ^yomen are 
more likely to have heart failure as a result of hyperthyroidism. 

It is to be expected that age would play a role in determining the 
development of congestive failure. Older patients might haA^e unde- 
tected degenerative changes in the myocardium more frequently and 
are also more likely to have had the thyrotoxic state for a longer time. 
This is borne out by the fact that patients with coronary artery disease 
and congestive failure were on the average 5 years older (61 years) 
than those without failure (56 years). Likewise, the hypertensives 
Avere 3 years older on the average (57 years) Avhen congestive failure 
Avas present than Avhen absent (54 years). Even the thyrotoxic patients 
AAuthout other etiologic types of heart disease Avere 4 years older 
(44 years) AAdien congestive failure AA'as present than A\dien absent 
(40 years). It must not be inferred, hoAvever, that heart failure from 
thyrotoxicosis can occur only in the aged. In this study there AA^ere 
6 instances of congestive heart failure in patients under the age of 40, 
and 3 under the age of 30 Avhen there AA^as absolutely no CAudence of 
other lesions such as rheumatic A'ah’ular disease, hypertension, or 
coronary artery disease. 

Another possible factor in the production of heart failure might 
AA'cll be the duration of thyrotoxicosis. It AA-ould seem that the longer 
the deleterious effect of hyperthyroidism might continue the more 
likely the heart Avould fail. It AA-as not a simple matter to analyze this 
point, as often the onset of thyrotoxicosis could be determined only 
AA'ith difficulty. It is of interest, hoAA'eA'er, that the duration of thyro- 
toxicosis in the “non-cardiac” group Avith severe failure AA'as 55 months. 
AA'ith moderate failure 12 months, and AA'ith no failure 8 months. It 
AA'as to be expected that heart failure Avould result sooner in those 
already having organic heart disease. This proved to be the case, for 
the duration of thyrotoxicosis in the “cardiac” group Avith failure AA'as 
only 10 months. The important inference is that if thyrotoxicosis 
remains uncontrolled for year.s it may eA'entually produce heart failure 
even if there is no preexisting heart disease. 

It has long been knoAA'n that anrirnJar fibrillation, either paroxysmal 
or perniauent. is frequently a part of the clinical picture of tliATo- 
toxieosis. The paroxysmal form is common, particularly directly after 
the oiieration, in cases shoAving very little evidence of cardiac involve- 
luent and no evidence Avhatever of heart failure. Permanent fibrilla- 
tion. hoAvever, is much more likely to be associated with other tA-pes 
of heart disease or severe heart failure. In this present analysis only 
cases knoAvn to have permanent fibrillation Avere considered.' It is of 
interest that among 78 cases belonging to the “cardiac” croup there 
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were 23 ^vith severe heart failure of which 20 were fibrillating, and 10 
with moderate failure of wJiich 3 were fibrillating. Among the 20 with 
rheumatic heart disease, 16 were in failure of which 12 had auricular 


fibrillation, and the 4 who were compensated all had a normal rhythm. 
Among the 57 cases with hypertension or coronary artery disease, 
22 were in failure of which 11 liad auricular fibrillation, and 35 were 
compensated, 6 having auricular fibrillation. In contrast to the 
“cardiac’’ group, there were 331 “non-cardiac’’ cases of which 21 
were decompensated. Eight were in severe failure, 7 of which were 
fibrillating, and 13 were in moderate failure, only 1 of which was 
fibrillating. Of the 310 who were compensated, 22 were fibrillating. 
It follows that if congestive failure is present, fibrillation will be very 
frequent in the rheumatic group, less common in the hypertensive 
and coronary group, and least frequent in the “non-cardiac” grouj). 
Furthermore, when fibrillation does occur in a rheumatic case one 
may expect that failure will always be present; when this arrlnihinia 
accompanies hypertension or coronary artery disease, decompensation 
will be expected in 65% of the instances, and when it is found in a 
“non-cardiac” case of hyperthyroidism the incidence of failure is 27^7 
The close relationship between auricular fibrillation and heart failure 
is also apparent in the following figures. The incidence of auricular 
fibrillation in the “non-cardiac” group without failure was 7^Cf 
while with failure it was 38%. The incidence in the “cardiac” group 
without failure was 15%, and with failure 59%. The irregularity, 
therefore, was 4 or 5 times as frequent when heart failure was present 
than when it was not. It was even more frequent in the presence of 
heart failure in those having no organic heart disease than in those 
having independent heart disease but no congestive failure. 

The .similarity between mitral stenosis and thyrotoxicosis has already 
been mentioned. Both conditions ob\'iouslv are accompanied hy 


symptoms of cardiac disability, sucli as dyspnea, palpitation, weaknes'^. 
and congestive failure, and both conditions may present similar find- 
ings on pliysical examination, /. c., cardiac enlargement, transient or 
permanent fibrillation, accentuation of first licart .sound, .systolic 
murmurs, and slight apical thrill. To he sure, the thrill in mitral .steuoNi- 
is presy.stolic and in hyperthyroidism is .systolic, but when the heart 
rate is rapid it is f)ften impossible to make this distinction on palpation- 
The one distinguishing jmint is the diastolic mtinmir which does not 
occur with thyrotoxicosis. On the other harul, this tell-tale .‘^ign nia> 
1)0 absent in mitral stenosis in some cases, or inaudible when the rat»^ 
is rapid. The great frequency of the coexistence of mitral stcno.-is are. 
thyrotoxic'osis may further aiinplieate the diagnostic problem. 

The aclditional point wc wish to make at this time is that the Hocrit- 
gen ray evidcncx^ of mitral stenosis may also arid to the r'onfusiom B 
is well-known that enlargement of tlie left auricle especially tK)*^tenorj> 
is a very early and valuable sign of mitral steno-is. Some cnlargcrneti^j 
of the left auricle was observed in 8 of 17 f'ascs in thi'^ s<^Ties that 
heart failure from thyrotoxicods .♦r. A!thr)iidi this hit aiiricn^.^.J 
enlargement was not very markcfl. it wa^* no in degree than marc 
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cases of early mitral stenosis show and sufficient to suggest mitral 
disease from a roentgenologic point of view. Enlargement of the 
pulmonary artery has been noted by Parkinson and Cookson,” but 
no mention was niade of a similar enlargement of the left auricle. The 
fact that this left auricular dilatation is a part of the thyrotoxicosis is 
cojifirmed by the observations made in these instances after the metab- 
olism Jiad returned to normal and cardiac compensation reestablished. 
J<'ive cases that had shown dilatation of the left auricle on fluoroscopic 
examination preoperatively failed to show this change postoperative! ru 
It might be thought tlmt the fibrillating state of the auricles rather 
tluin the hypertliyroidism caused the slight dilatation of the left 
auricle. That this is not the case is borne out by the fact that left 
auricular dilatation was found in some cases with a regular rhythm 
and was observed to decrease in extent after operation when the 
metabolism was normal even while fibrillation continued. It follows, 
therefore, that dilatation of the left auricle in some cases is a specific 
result of thyrotoxicosis. 

Discussion. It is abundantly clear from an analysis of the cases in 
this study that congestive heart failure of a mild or even of extreme 
degree can result from thyrotoxicosis when careful search fails to 
reveal any of the other common etiologic causes of heart disease such 
as valvular disease, hypertension, or coronary sclerosis. Although 
this has been noted by other observers, its importance and frequency 
has not been sufficiently emphasized. In fact, the frequent finding of 
these other forms of heart disease in patients with hyperthyroidism 
who have congestive failure has led to the view that hyperthyroidism 
alone does not produce heart failure. This prevailing opinion is par- 
ticularly unfortunate because it tends to make physicians overlook 
this small but important group of thyrocardiacs in which heart disease 
is actually curable or reversible. When the obvious evidence of th>To- 
toxicosis such as exophthalmos and th,>Toid enlargement is not present, 
one is too ready to regard these patients as having incurable heart 
faihire from mitral stenosis, jnyocardial degeneration, hypertension, 
or coronary artery disease when none of these complications is present. 
One might add that even if they were present, it still is e.xtremely 
important to discover the added burden of th\Totoxicosis, for the 
latter can be removed Avhereas the former cannot. 

If one still had doidit concerning the absence of other forms of 
heart disease in the group of 21 cases that had congestive failure from 
thyrotoxicosis alone, it can be dispelled by the evidence furnished 
from the follow-\ip study. After an average period of 5 years (the 
iong^'st was 1(1 years), none of these patients showed any evidence of 
organic heart disease, 'riicre were 4 deaths during this period, all from 
carcinoma. All the others were essentially well. 

It is difiicidt to cxidain the mechani.sm of heart failure when it is 
the sole result of thyrotoxicosis. It is obvious that hypcrtiijToidisin 
can continue for years ii\ some eases without producing heart failure. 
Is u purely the result of increased workV Obviously there is increased 
nork of the heart that wntinucs even with the patient at rest wlien the 
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basal metabolic rate is abnormally elevated. It is difficult to believe 
that this is the only factor involved. Is there a specific or non-specific 
toxic factor that injures the myocardium? There are rare reported 
examples of focal myocardial necrosis associated with hyperthyroidism.- 
The auricular fibrillation so common in hyperthyroidism may well be 
looked upon as a toxic manifestation, for the arrhythmia may even 
precede the elevation in the basal metabolism. Once auricular fibrilla- 
tion has developed, it can be an added factor in the causation of heart 
failure, for prolonged uncontrolled auricular fibrillation in an other- 
wise normal heart may result in heart failure.^-^ Finally, one cannot 
escape the similarity between some of the clinical features seen in 
lieart failure from beriberi disease and th;vTotoxicosis. Several years 
ago Soma Weiss suggested that some of the features of thyrotoxicosis 
could well be due to vitamin B deficiency.^^ A similar view has been 
held by Aleans.^® This possibility was not investigated in this study 
although during the past few years, since the importance of vitamins 
has been more fully appreciated clinical evidence of deficiency states, 
such as red palms and sore, smooth, red tongue has been repeatedly 
observed in these thjTocardiacs. This whole subject is quite important 
and deserves further study. It probably will be found that cases of 
hyperthyroidism with heart failure will show much more chemical and 
clinical evidence of vitamin deficiency (especially the B complex) than 
those without heart failure. If this concept is correct it ought to be 
true that with the same metabolic rate, thyrotoxic patients with heart 
failure will be found to have had a poorer appetite, and to have taken 
a poorer diet, than those without heart failure. 

There is another practical consideration with regard to the .surgical 
treatment of these patients that seems important. At first glance 
one might fee! that tliese severe thyrocardiacs, Jiaving not only thyro- 
toxicosis but advanced lieart failure, would prove to be the most 
difficult and the most serious from a surgical point of view. In fact, 
this view is so current tliat many physicians and surgeons advise 
multiple stage operations for such severe cascs.*^ Wc have had (lUite 
the contrary view in this clinic. It has been our impression that the 
operative mortality and incidence of alarming thyroid storms luiye 
been no more or even less in the older, severe thyrocardiac*s than ni 
the y'oiingcr cases of exophtlialmic goiter. Tiiis was home out hy the 
following analysis: Tlierc were no instances of thyroid crisis among 
the fiO patients who had heart failure, while of the remaining that 
had no heart failure, IS developed a thyroid storm. lC^*en more iinjH»r- 
tant were tlie flifferences in the ojierativc mortality. Then* were 
deaths in 310 cases showing no eviflcnce of heart diseas(‘ or heart 
failure (2.0 ^c)- contrast there were no fatalities among 21 

cardiac's’* with heart failure, and 78 mrdiacs, half of wlioin had heart 
failure.^ It is rlifficult to explain tlie dNerepaney betw(‘<‘n the af)'^*nc«' 
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of any operative mortality in this latter group and the occurrence of 
4% mortality among thjTocardiacs in the Lahey Clinic as reported 
by Hurxthal.'* The outstanding impression we have had is that the 
severe thjTocardiac never worries us before, during or after the opera- 
tion. It is the younger individual with classical Graves’ disease that 
may suddenly develop a severe or even fatal crisis. Furthermore, it 
is not without significance that all but 7 cases had one-stage operations. 
This is also in conflict with the prevailing teaching.^ If multiple 
stage operations are necessary in thyroid surgery, they do not appear 
to be indicated in the group of cases under consideration that show 
heart disease or heart failure. 

Summary and Conclusions. 1. A study was made of 409 cases of 
thyrotoxicosis operated upon at the Peter Bent Brigham Hospital 
from 1923 to 1941, inclusive. There were 331 (81%) “non-cardiacs” 
and 78 (19%) “ cardiacs.” Among the latter there were 45 with hyper- 
tensive disease, 20 with rheumatic heart disease, 12 with coronary 
artery disease, and one with syphilitic aortic insufficiency. 

2. There were 39 cases of heart failure among the 78 “cardiacs” 
(50%), and 21 instances of definite congestive failure among the 331 
“non-cardiacs” (6.3%). It is apparent, therefore, that thyrotoxicosis 
not infrequently is the sole cause of congestive heart failure. 

3. It was found that congestive failure was more likely to occur in 
the female sex, with increasing age, when the thjTotoxic state lasted 
longer, and when auricular fibrillation was present. No satisfactory 
explanation was found for the heart failure especially in the “non- 
cardiac” group. It is suggested that vitamin B deficiency may play 
a contributory part. 

4. The similarity between s;^miptoms and physical findings in mitral 
stenosis and thjTotoxicosis may lead to errors in diagnosis, for even 
left auricular dilatation on Roentgen ray examination is found in the 
latter condition. 

5. In 99 cases with cardiac involvement there was no surgical 
mortality. All but 7 of these had a one-stage subtotal thyroidectomy. 
The surgical mortality in 310 cases without heart disease, however, 
was 2.6%. We, therefore, do not believe that the so-called severe 
thyrocardiacs require a multiple stage operation, and feel that they 
cause less concern than the younger exophthalmic goiter when surgical 
treatment is planned. 

6. It is evident that “masked th^Totoxicosis ” is being overlooked 
as a cause of heart failure, an error which is very costly because the 
condition is curable. 
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THE CONTROL OF POLYCYTHEMIA VERA BY 
VENESECTION 

By Laurence E. Hines, M.D. 

AND 

William C. Darnall, j\r.D. 

CHICAGO, ILL. 

(From the Depaitmcnt of Medicine, Northwestern Univei-sity) 

Patients witli polycythemia vera usually obtain symptomatic relief 
from measures which reduce tJie excess of circulating erythrocytes. 
The excess may be destroyed by phenylhydrazine, removed by venesec- 
tion or reduced by the suppression of bone marrow activity from 
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Fk;. 1. — Chniicc'^ in bl<>od 


Roentgen irradiation or other injectable irradiated elements. 1 he 
of irradiation and [ihenylhydrazine has heen critieiml bef*au-e tlie 
destruetive power t)f the agent cannot always be efanplet<*ly confrollerb 
In spite of this p^Jtentia! danger irradiation in om^ form or anotlier i- 
the most widely useil inetluKl of tr<‘fitment. The r-ommonly aen-p^'y 
view that venesection U not wholly satisfartf>ry for thin di-e;t^r f 
exprc*sse^i by IInrn>p^ as follows; **f)ne iimnt conclude that whiP 
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venesection is an important and useful relief in emergency in the 
treatment of these patients, it cannot be looked upon in any other light 




than ns a further and therefore undesirable stimulant to new blood 
fonnation.” 


The dilhculty in evaluating therapy of any disease is accentuated 
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the case of poIyc\i:hemia vera because spontaneous clianges occur 
normally. Rosenthal and Bassen- have recorded a variety of stages 
and unusual manifestations such as symptomless periods, spontaneous 
development of anemia, periods with great leukoblastic activity or 
with thromboc\i:hemia. Despite such obstacles for accurate inter- 



5. — nifforentinl Ijouf^ m.'irrtjw' punr'ttirc-'Ca*#* 1. 


pretation a detailc<l study of two patients for more than a year 
that vcnc-section, pro[«?rIy n-ed. i> a .-afe met find for adefjmntely 
trolling the disease. 

Hemoglobin was studieri by the method; bhKHi arid plrym'^* 

volume bv the Evan- blue rnetfuKl; bh^Kl anfi pla-rna vi-ro4fy v/ith a 
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Hess viscosimeter and specific gravity of wliole blood and plasma by 
the falling drop method. For hematocrit estimations heparin was 
the anticoagulant. In both cases the diagnosis of polycythemia vera 
was confirmed by computing the volume of circulating erythrocytes. 
By estimating the excess over normal it was possible to calculate the 
approximate amount of blood to be removed. 

At first an attempt was made to eliminate the excess quicklj'^ by 
removing as much as 1500 cc. in a 14 day period. This produced a 
marked fall in erythrocyte volume, hemoglobin, specific graAuty and 
viscosity. Partial symptomatic relief of certain symptoms (tingling of 
fingers, fullness in the head and generalized aching) was obtained, but 
undesirable symptoms were also produced. Evidence of erythropoi- 
etic stimulation (slight rise in reticulocytes and changes in bone 
marrow cytology) added to unwanted effects. Then we decided to 
study the effects of removing smaller amounts at intervals of about 
2 weeks. By using a sjTinge of 100 ec. capacity that contained 5 cc. 
of sodium citrate solution, 200 to 250 cc, could be removed as simply 
as any other office procedure. At once we found that no symptoms 
were produced by small venesections. Figures 1 to 4 record the 
changes in blood findings over a 12 month period and allow a com- 
parison of the effects produced by the two methods. When the small 
venesection was employed there was a gradual reduction of hematocrit 
values, blood viscosity, and hemoglobin. This effect was in sharp 
contrast to that produced by the large venesection in which a sharp 
fall was followed by an equallj'^ steep rise. After repeated small vene- 
sections it was observed that the fall in hemoglobin was not equaled 
by a corresponding fall in numbers of circulating red cells, because the 
latter liad become microcytic. When the computed excess had been 
removed, bleedings Avere discontinued. For several weeks the patients 
remained asymptomatic with only slight developments toward an 
crythremic state. Four months after cessation of bleeding in Case 2, 
and 5 months after in Case 1, the return of symiptoms was associated 
with rise in hemoglobin and erytl}rocj4:e volume. Again a series of 
small bleedings was instituted. In both cases spleen size was reduced 
by removal of blood and became larger Avlien erythrocyte volume rose. 
In this disease it is obvious that an estimation of erytlirocyte Amlume 
is tlie best guide for therapeutic need. Technical difficulties prevent 
widespread repeated use. It appears tliat a hematocrit reading alone 
with hemoglobin estimations and erythrocyiie counts serves as an 
adequate substitute. Blood viscosity or specific gravity determina- 
tions offer no advantages, either of accuracy or simplicity. 

Conclusions. The following method for the control of symptoms of 
polycythemia vera is suggested: To determine the actual excess of 
circulating erythrocA-tes as aa-c11 as confirm the diagnosis, an estimation 
of the total cr\-throcyte volume is made; at Aveekly or bimonthly 
inter A’als 200 to 250 cc. of blood is remoA’ed by A'enesection; this may be 
carried out in the office by using 100 cc. SATinges; the bleedincs are 
exAutinued until the computed excess of erA*throcA-tes is remoA^ed or 
until hematocrit, hemoglobin and erythrocyte counts rcA'eal beginning 
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anemia; bimonthly estimations of Jiemoglobin, erythrocyte counts and 
hematocrit will detect recurrence of the er^^-thremlc state and point out 
the need for further venesections. Two patients treated by tlii.< 
method for more than a year have remained free from symptoms. 
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OBJECTIVE METHODS TO DETERMINE THE SPEED OF BLOOD 
FLOW AND THEIR RESULTS (FLUORESCEIN AND ACETYLENE)* 


By Kurt L.axge, IM.D. 

AND 

Lixx J. Boto, M.D., F..-V.r.P. 

NEW YORK, N. Y. 

(From the Department of Medicine, the New York Medical Collotrc, Flower and 
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The determination of velocity of blood floAV lias gained a definite 
place in the examination of cardiac patients and in those with endo- 
crine disturbances or pulmonary disorders wliich impair the flow o{ 
blood through the lungs. If this diagnostic procedure has not yet 
found general adoption, it is mainly because tlie available methods were 
either subjective and thereby carried a certain intrinsic fraction of 
unreliability or, when objective, the complicated apparatus required 
considerable laboratory facilities. Furthermore, the subjective method 
fails precisely in those cases where the determination of the circulation 
time has decisive value, namely in unconscious patients and in children 
with congenital heart diseases. Moreover, the subjective factor implicit 
in many methods is responsible for some of tJic dubious results o!)taincd 
and tends to discredit the basic valid conception itself. Finally* ^^oInc 
methods in use were not free from danger. Fatalitie^s and serious com- 
plications after the determination of circulation time have been 
reported and liave further discredited these methods.*'** 

The inhalation of carbon dioxide by the method of born^tcuc 
belongs, to some extent, among the objective proccdurt^^. However, 
the thresliold of response in the centers involved may be quite rlifTcrcni 
individually and, as Berliner- has shown, may vary even in the same 
person under difTerent conditions. Furthermore, it nea‘>sitnte.- 
siderable ('cjuipment and is scarcely applir*able in cluldren and la 


unconscious patients. 

The lobdine method fails to evoke a resjK)nse in all patient^, ami i* 
subject to the same criticism. Tiie same objection holds for the 
cyanide method; in addition it may eniise syneopf* and requrator; 


arrest.*' 

The use of radioactive sub-tarK'e>‘ require*.' rritlie 
ment and is not frc*e of danger. Tie* [ibtarniru' uv 
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devoid of danger, as the authors state themselves. It also is apt to 
fail in certain individuals, especially when lung pathology is present. 

Koch^^ was the first to use fluorescein for the determination of the 
speed of blood flow. He injected it into the antecubital vein of one arm 
and withdrew blood from the other arm, taking a specimen every 5 
seconds and watching for the first appearance of luminescence in full 
daylight. This method, although harmless, is rather inaccurate and 
somewhat complicated. 

In 1931, Lange and Wollheim^® demonstrated that an adequate 
source of light makes fluorescein emit a luminescence sufiicien% strong 
to be seen in human vessels of small caliber. However, the available 
sources of light required for such an examination were somewhat 
clumsy and not readily applicable in general practice. Since that time 
we have simplified the method that it can now be considered practical 
for general use. 

The apjjearance of the fluorescein can also be observed in all parts 
of the intestine when the peritoneal cavity is opened as well as in the 
skin of the entire body to give objective information about peripheral 
vascular diseases and inflammatory reactions.^® 

In a circulation-time test one determines the speed of blood flowing 
fastest in the axis of the ^'essel from the point of injection to the point 
of observation. Since the estimation is made in a single segment of 
the circulation the result does not necessarily obtain for the entire 
vascular system, because different conditions may prevail in another 
circuit. Accordingly, it must be proven under conditions in which the 
circulation in one single circuit is not especially rapid or slow that the 
determination of the circulation time, gives an exact picture of the 
average circulation time. To avoid the mistake of employing an 
abnormal circuit, 5 conditions must be fulfilled: (1) The circuit must 
contain all essential parts of the circulatory apparatus, that is, a 
vein, the pulmonary circulation, an artery, arteriole and capillary. 
(2) The circuit must be at basal conditions for the given individual; 
it must not have abnormally dilated arterioles or capillaries created 
by purely local factors. (3) The point of observation should permit 
the detection of the arriwnl of the test substance in the capillaries 
and not in the smaller arteries or arterioles. (4) The quantity of 
material injected must be sufficiently large to require several con- 
tractions of the heart for ejection in order to avoid any mistake created 
by the niatcrial passing the point of examination without detection 
on its first passage or being .shunted into unobserved circuits by abnor- 
mal stream conditions. (5) The injected material should not influence 
the velocity of blood flow. 

Very recently, Fishback* and his associates modified our original 
method; in place of using the lips as a point for observing the appear- 
ance of the flviorcsccin they chose the conjunctiva and the sclera. 
Luder these cire\nnstances, the conditions (2) and (3) mentioned 
above arc not fulfilled. According to IMucller and Laube’^-’* the vessels 
of the conjunctiva arc extremely sensitive to touch and dilate readily, 
and all types of Ye.<s«els (.miall arteries, arterioles, capillaries and 
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venules) can be easily observed and hardly distinguished from eacli 
other without recourse to a capillary microscope. This may explain 
the wide variations of values obtained by these observers. Moreover 
the direction of the ultraviolet light to the eyes causes some discomfort 
and this factor alone may change the vascular status. The retraction 
of the eyelids required by this modification certainly changes the local 
vascular status. 

Nature of Fluorescein, Fluorescein is resorcinophthalein. It is 
readily available, inexpensive and non-toxic. One gram has been given 
orally as a test of renal function without any deleterious effects;^® as 
much as 6 gm. have been given by the same route to stain certain parts 
of the eye; no untoward symptoms follow although the skin may be 
stained yellow for 12 to 30 hours under these circumstances.^ Fluores- 
cein undergoes no change in the body and is rapidly excreted in the 
urine. In over 600 injections we have given so far we had 3 instances 
of slight nausea for about 1 minute. In these 3 cases, 10 cc. of the 
fluorescein solution were injected too rapid!}" intra^Tnously since 
peripheral vascular studies were intended. 

When examining the physical properties of fluorescein for possible 
use as a vital stain, we found its strongest fluorescence is emitted when 
the source of light has a wave length of 3600 to 3800 Angstrom units; 
this is the region of long wave ultraviolet. This deep purple light causes 
fluorescein to emit a golden or green luminescence depending upon the 
hydrogen-ion concentration of the media in which the action takes 
place. In an acid solution the emitted light is yellow; in an alkahne 
solution it is dull green. To secure the greatest possible contrast, the 
source of light should exclude nearly all the visible light and all ery- 
thema producing ultraviolet. The characteristics of a suitable filter 
is shown in Figure 1. 

Method for Testing the Fastest Circulation Time by Means of Fluoresce^. 

A special, small, inexpensive mercurj’ vapor bulb with a conccnlrato<l ncm 
beam (Fig. 2) is pro\'ided with a j)urplc glass filter which absorbs 
harmful iiltrauolet and most of the visible rays.* Of the crnitte<I light Cm / ]" 
transmitted at the wave length of 3000 Angstrom units. The i)eain of mv 
concentrated light is directed against the Iif)s of the patient. The e.v/unninunn 
should take place, if possible, in a dark room; o cc. of a o'J fiiiorc.-cein so.uikj*! 
containing oVr of sodium bicarbonate arc injected ra})idly by inrarH o. .h 
20 piuge needle into the antecubital vein of the adult fnatient. o* 

S(x{{itrn fluorescein in adociuato amounts' is optically much j *Tt*!'*t 
and has noadvantages over the solution of fluorescein with s^»^liurn bicarbona y 
In children 0.7 cc. of solution j>er 10 kg. of IkkIv 'iveight is injecte^k After ^ 
circulatif)n time has ])as-ed, the part under r)l>'‘ervation (lip-) ?iKlden!y aefj'ur* ^ 
a greenish yellow hue. This end-iv)int is ver>‘ sharfdy defined. When 
obsen'crs are present they nirely disagree by more than I second 
moment it appears. If a subs^^fiuent examination is inteiuh'<l within .a 
jK'riod, the do<e for adults may be cut dov.n to .3 ce. Within 
effect ha'i iKvn suflinently dimini-hcfl to jH^rmit /t secojid ctarninat: »n v;-* 
a clear ent roMilt. 


Normals. Two hundrtf! and -ixti'f-ri adult- frfun 
age who never had had any -ign- of rarflbf' failure v 
« \,y tKr (t. V* . (Jnv* rrj: r^r.y, f 
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this method. Great care was taken that all cases were under basal con- 
ditions; before the test was made they rested for at least 15 minutes 
when bedridden, or 30 minutes when ambulato^J^ However, no fasting 

e 

I ' MIDDLE ULlRflVlOLEl EKYTHEMAL NEAR ULTRAVIOLET VISIBLE VIOLET 

To 



Fu;. 1 . — Transmission oharactcristic of the filter as used for the fluorescein observations* 
A double filter was used in order to decrease transmission of visible light* 



Fio. 2.— DpiTros nw>d(>d for the fluorescein test. 
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was requested. Since many (108) of our i)atieuts were elderly, ])eripheral 
vascular disease such as arteriosclerosis was not uncomnioiL In these 
patients 10 cc. of the fluorescein solution Avere used in order to observe 
the status of the peripheral circulation simultaneously. The values 
ranged almost exclusively between 15 and 20 seconds. The moment 
at which luminescence appeared in the lips was taken as end-poEnt 
in all cases. Figure 3 gives the distribution of the values found. It is 
evident that the great majority of cases ranged around 15 to 17i 
seconds; however, if one studies Tables 1 and 2 in which the normals 



- Di'^triLutinn nf \Mthiri iiominl rrviiu'j* 0»r 

arc distributt^fl by ai:<\ it bm>in('s evidciit that tlu'rc is «'t rlrfiuit*' 
toward slower cinmiation time with increasing age. If re[H'at*'d 
were done on tin? same patient at sfiort intfTval^*, tie* valm-' l' 
differed more than l> se{^)nd<; iti the majority the difFf'P'rp'* • *• 
^enmds or less (7'ab!e *1). 
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Effect of Exercise. Work causes considerable acceleration of ^ the 
circulation time. The highest value was 6 seconds with maximal 
exertion of 1350-mkg./min., which could be performed only for a few 
minutes; this'individual had a circulation time of 15 seconds at rest. 
Moreover, the arm-lip circuit is not the one actuallj'' subjected to 
masiiraai vasodilatation from exertion; some of its parts may even 
undergo contraction to make blood available for the working muscle. 
Therefore this method should not be considered a correct measure- 
ment of the relative increase in cardiac output under exertion. The 
acetylene method, described below, tends to provide an exact impres- 
sion'of the actual average increase in blood velocity under such extreme 
conditions. 


Table 2.— Distribution of Cases in the Different Age Groups According 

TO Their Circulation Tii^ie 


Age group (yrs.) 


Circulation time (sec.) 

20-30 

13-13.9 . . . 

, . 4 

14-14.0 . . . 

. . 18 

15-15.9 . . . 

. . 18 

1G-1C.9 . . . 

. . 4 

17-17.0 . . . 

. . 0 

18-18.9 . . . 

. . 2 

19-19 9 . . . 


20-20.9 . . . 



30-40 

40-50 

50' 70 

Over 70 

5 

2 



42 

34 

11 


1 

21 

9 


4 

2 

10 

1 

1 

1 

3 

3 


8 1 
1 4 


Effects of Fever. Six otherwise normal patients were observed 
during pyrexia due to infectious diseases. The circulation time varied 
between 9 and 13 seconds whereby no direct relation between the 
increase in temperature and the percentage of acceleration of blood 
velocitv could be discovered. 


Table 3. — Circulation Time 


No. 

Clinical cliagno.sis Arm 

conjunctiva 

Arm-lips 

Arrn-recttim 

Arm-foot 

1 

Wound on rt, foot; 
duodenal ulcer 

9 

15 

19 

23 

2 

Laceration of rt. foot 

11 

15 

20 

22 

3 

Laceration of It. foot; 
caisson disease 

8 

IG 

21 

24 

4 

Laceration of It. foot 

8 

16 

20 

23 


Circulation Time to Different Points of the Body. In 4 patients the 
fluorescein circulation time was observed at 4 different points of the 
l)ody after the same injections of fluorescein. All patients had a healing 
o])en lesion on the foot not due to arteriosclerosis, so that this district 
could be employed as one point of observation. The second point was 
the mucosa of the rectum, the third i)oint was the lips, and the fourth 
the conjunctiva. Four mercury vapor lamps were used; each observer 
had made many observations previously and was fully acquainted with 
the method. The results arc shown in Table 3. Here again the question 
arises as to whether the values obtained on the foot and the conjunctiva 
are inore than an approximation of the true blood velocity to these 
regions.* 

* After Uio conclusion of this paper photoelectric method w.as d''veloped to make 
circulation time determinations to any point of the l>ody. Determinations with this 
fully automat ic method tisinc fluoresi'cin have pn.)ved these values correct . In a normal 
the nrm-lcc time never excecils twice the value obtained for the arm-lip time. 
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Bronchial and Cardiac Asthma, According to patient<t in an 

attack of pure bronchial asthma show a normal or sliglitly shortciiwl 
circulation time. We had the opportunity to observe 5 cases of thi> 
kind, and could confirm these results objectively. In contrast to thenn 
3 cases of pure cardiac asthma (left and no right heart failure) showed 
a high normal or prolonged circulation time, the extremes being 32 
and 20 seconds. Accordingly, the circulation time aids in making the 
differential diagnosis betn^een these 2 kinds of ‘'asthma” but only if 
one is dealing with a pure form. In 3 cases bronchial asthma was com- 
plicated by beginning heart failure in patients with a known cardiac 
lesion and slightly prolonged circulation time (22, 23 and 27 seconds) 
were found. However, prolonged circulation time in a suspected case 
of bronchial asthma seems to indicate that we arc not dealing with a 
pure case and this fact has considerable importance in tlic thernpciitie 


program. 






Table 4.— Tests Repeated With Inteuvali 





Intor\*nl brtwern 

St'corn!'^ 

7 ^ 0 . 

Clinical diagnosis 

both tfst« in inin. 

Ivt tmt 

IM 

1 

Dccomp. niitrnl stenosis 

GO 

a2 

ao 

2 

Decomp. mitral stenosis 

85 

29 

29 

:i 

Decoinp. aortic insufficienry 

120 

2i^ 

ai 

\ 

Decomp. hypertension 

120 

40 

ar 

.5 

Decomp. h>*pertcnsion 

120 

20 

:v: 

(> 

Decomp. aortic insufTiciency 

180 

42 

45 

7 

Dccomp. mitral stenosis; 

180 

ar, 

at 


auric, fibrill. 




s 

Dccomp. h>T>ertcnsion 

160 

ax 

Xi 

9 

Dccomp. aortic insuffirioney ; 

ISO 

as 

v: 


auric, fibrill. 




10 

Dccomp. liypcrtension 

IRO 

48 

44 

11 

Myxedema 

120 

24 

21 

llrt 

Same ra'^e 

2 flays 

2a 




10 days 

21 




17 days 

2a 




120 min. after 

21 




previous ic^t 



12 

Norma! 

r»o 

1.5 

n- 

I.*? 

Normal 

ao 

L5 

14 

14 

llyportbyroidi^m 

120 

n 

10 



1 dny 

12 




2 days 

10 



Hyperthyroidism, The average circulation time in V2 paticnt> 
fering from h^T^erthyroidism was 10.2 secmuls: none of tliern vhnv.en 
a circulation time of more tljan 14 semnls anrl the sfuwtcst wa^ 
seconds. The circulation time seems to l)c a very s^'n-^itivc te-t 
h\ 7 )crthyrt>idism and, in the absence of nirrliae failure, it 
f*orrespond to the clinical picture mueh more closely tfmn tie* 
tnotaliolism rate. The circulation time may remain short after " 
solution and after operati<m even when tfie ha-al tnetaf*'>lj-?u 
returned to normal. Ta!)!e -o illustrates stieh n cjt'e. ^ 

Hypothyroidism. Ten of hy[)othyn)5di‘'ni were - 

long time, and the circulation time wa,- fmmd diclitly or 
nro!on::txl in all exet^pt one. The averrure in thi- group 
•'^i><econd^. The longest value was 32 With thyroaf 

t^lif values rapidly t^ei-arn*^ rionna! only to return to dov 
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times if the administration of thjToid was stopped. It was our impres- 
sion that changes in circulation time occurred much earlier than 
changes in the clinical picture. 


Tablk 5. 

—CiucuLATiON Time in a 

Case of 

Hvperthyhoioism 





Circulation 

Day of ^ 

hospitaUzftlion 

Treatment 

Basal 

Pulse rate metabolic rate 

time 

(sec.) 

3 . . . 

, . Bed rest 

116 

+51 

7 

7 . . . 

. Bed rest 

104 

+48 

8 

17 . . . 

. . Lngol’s, 9 days 

90 

+32 

10 

24 , . . 

. LugoVs, 16 days 

90 

+ 19 

10 

25 . . . 

. Subtotal 





thyroidectomy 



10 

32 . . . 

. Bed rest 

96 

+ 7 

46 . . . 

. Out of bed 

90 

+ 4 

11 

69 . . . 

. At home 

80 

+ 4 

16 

90 . , . 

At home 

90 

+ 6 

16 


Anemia. Twelve cases with anemia of various degrees were observed. 
Only those cases were included in which there was no other detectable 
cardiovascular disease. Table 6 seems to indicate that no apparent 
shortening of the circulation time appears until the red cell count falls 
to 3,500,000. Below this limit the heart compensated for the loss of 
oxygen carriers by increasing the speed of blood flow. The number of 
cases however, is insufficient to state definitely that 3,500,000 cells are 
tolerated without increase in circulation time. 


Tabi.k fi.— C ibcui.ation Time With Low Red Bi.oqd Count 





Circulation 


Circulation 



Erythrocytes 

time 

Erythrocytes 

time 

No. 

Clinical diagnosis 

(mill.) 

(sec.) 

(mill.) 

(sec.) 

1 

Pornic. anemia 

1.3 

9 

2.9 

12 

2 

Pomic, anemia 

1.0 

10 

3 4 

13 

3 

Bleeding duodenal ulcer 

2.7 

12 



4 

Bleeding dnodcnal ulcer 

2 G 

12 



5 

Cancer of stomach 

2.5 

10 

2.3 

10 

(i 

Duodenal ulcer 

3.0 

13 

2.4 

11 

7 

Duodenal ulcer 

3.2 

13 



S 

Duodenal ulcer 

3 7 

15 

3.8 

15 

9 

Bleeding hemorrhoids 

3.8 

16 

4 5 

16 

10 

Duodenal ulcer 

3.9 

15 

4.3 

16 


Comparison Between Fastest and Slowest Circulation Time. To deter- 
mine whether the fluorescein circulation time by this method is an 
exact measure of the blood flow in general, recourse was made to a 
procedure which provides certain information about the slowest 
flow and also about the average speed of blood flow. Acetylene was 
first used by Grolhnan®^ to determine the stroke volume, but the 
circulation time can also be found by it. The gas is poorly soluble in 
the blood lipoids, but it is absorbed by the blood to saturation and 
can be c-vactly analyzed by relatively simple methods. 

Meffiod. The patient brc.athcs a C G; acetylene-air mixture from a Douglas 
.s.Tck. The oxpirctl gas is separated and sufficient amounts are drawn into small 
nibber b.ngs by Simonson's api^aratiis. Eveiy 20 seconds & new bag is filled. 
The samples of gas thus received are then analvzed for their acetvlene content. 
The wreent.age of acetylene gives the ordinate of a curve, the abscissa of 
winch IS reproi^ontod by tbo timo. 
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TJiis inetliod, originally devised by Baumann* for a different pur- 
pose, was used by us with our former collaborator Hielsehowsky.- 
It yields intonnation about the time wliieh is required until no, nr 
practically no, acetylene is absorbed by the blood. At this moment all 
blood lias circulated at least once through tlie lungs. Tiider basal 
conditions, the saturation of acetylene in the expired air never fully 
reaches the values of the inspired gas mixture, since some acetylene 
diffuses into the tissue and some blood leaks into the rapid circulation 
from the blood depots. In normal individuals however, the curve 
becomes absolutely' straight after 2A to minutes, indicating tliat all 
blood in rapid circulation has passed at least once through the lungs. 
The slowest circulation time Avas obser\’ed in 24 nonnals in this manner. 
The same cases were examined with the fluorescein method and the 
values compared. By the acetylene method, tlie average for the 
slowest circulation time was 3 minutes. 

Ten cases of thyrotoxicosis were examined the same way. as \v(*II 
13 cases of cardiac failure. The patients with thyrotoxicosis needed 
1*2 to 2 minutes to reach the stabilized phase of the curve, tlic time 
varying in accordance Avith tlie severity' of the disease. 4'hc liguns 
obtained Avith this method agree very' closely Avith those of the flnons'- 
cein method for the fastest circulation time. 

Patients in cardme failure had .slowest circulation times het\v(‘t‘n 
4 and 0 minutes. Table 7 is a comparison between tlie valno t(‘und 
Avith the fluorescein method for the fastest circulation time aiul tin* 
values found Avitli the acetylene method for the slowest circulation tinu*. 

Taiu.k 7.-~"CoxiPAni*if)N' Uktukkn' Km-oiik^ckin' and Ari:TYra:si: MrTn**i» r. 

Cincn.ATioN 





SJ/lM 




nrc. tiiiif* 

rtrr. lirm* 





nc**l3 I^rif 

UrruTirk 

No. 

N:iint' 


frinii.) 

I 

Bn 

7 

li 


«> 

.S;i 

10 

•> 


3 

Me 

\2 

»> 


\ 


I a 

»» 


ii 

<to 

M 

.> i 


('• 

Ko 

IS 



4 

He 


a 

Irj fniltire 

s 

He 


:i 



\Vt^ 


3! 

Myx» *I'*r:5 1 

10 


•jr, 

1 

In f.iunrr 

n 

.'‘‘m 

L*7 

•* ; 

In 

rj 

Ht 

IT*' 

3! 


13 

Kn 


«/ 

In rr h 


'The shape of the enrvt* In all our wa- pno’d^ ally id' fitca!. 

that the average cin-ulatiou time mti>T havr varied In llu' -atre* pa"' 
jHirtion. In order to -Iuav a !of;il impairim*nr of tlc' f‘rc4Jf «’• 
hliMwl wouhi ha^'e intim iirrd a ( nrvr, fi!i>*>d pn’ *n*re < uft • y":** 

applitii to tht‘ thf:::l:‘- of a pata-ut u^urj: mlKha^rolie 'V . 

F.I.hmI artifi<-i.'i!!y in th.-.- .•\tr. iinfii-.. At'f- r th.- racn!.-.! hir-r <■: " 

the rorve rcani--' it" -traii’ht i Fi/. i t. I ni' 

«-v»T, i- Inv.i r fh;'.;; t?:*- i- a’- ciatra; '■' 

,,jr * !■! -)*'. o.a.tr.nrK <"!t f.f tl.'- r.rnn 

pnain.ii 
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were suddenly released. Within a few seconds additional acetylene 
was absorbed, indicating that blood previously unsaturated now entered 
the rapid circulation. As expected, the fluorescein circulation time did 
not show any variation when obtained at the moment of the release 
of the cuffs. 



Fk;, ‘1. — Acetylene concentration in the exhaled air of a patient who breathes a 6% 
acctylcno-oxyRcn mixture. The point when the curve reaches stabilization represents 
the moment when all blood in rapid circulation has at least once passed the lungs. The 
lower curve is taken from the same patient with gum rubber bandages around the thighs. 
After stabilization has been reached the bandages were released. Ordinates: % acet- 
ylene. Abscissie: minutes. 

^Yhcn a patient e.xercises while breathing the acetylene mixture, 
the time required for the cur\’e to attain the straight line is very short. 
Using an exertion of 1200 mkg./min. the slowest eirculation time 
became l-J minutes, which is approximately times faster than 
normal. The fluorescein cireulation time in this instance became 
7 seconds in comparison to 17 seconds, the basal value for the faste.st 
circulation time of this patient. After reaching the straiglit level, the 
expired gas mixture of the exercising patient has practically the same 
acetylene concentration as the inhaled gas mixture. This .sugge.sts that 
durijig work nearly all lilood depots are used to provide oxygen carriers 
in the rapid eirculation. 

Summary. 1. The apjjcarance of fluorescein in the lips under a 
special long-wave ultraviolet light can be used to determine the circula- 
tion time, but certain conditions must be observed in order to obtain 
reliable results. 

2. Iti 212 normal adults, the values for the fluorescein cireulation 
tune ranged between 1o and 20 seconds, the majority between 1.5 to 
IT.o seconds. 
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3. The average of the circulation time is longer in older patients. 

4. Work accelerates the circulation time considerably and may make 
it 2^ times faster than normal. 

5. Fever shortens circulation time (6 cases), 

6. The fluorescein method can be used to determine the velocity 
to different points of the body. The average time to conjunctiva, lips, 
rectum, foot, is 10, 15, 18 and 23 seconds, respectively. The con- 
junctiva is not an appropriate place to test the circulation time. 

7. In congestive right heart failure 92% of the cases (123 patients) 
show a prolonged circulation time, while compensated cases of heart 
disease have normal circulation times. 

8. Pure bronchial asthma, having a normal or slightly shortened 
circulation time, can be differentiated by the fluorescein circulation 
time from cardiac asthma, which has a prolonged circulation time. 

9. Hyperthyroidism is associated with shortened circulation time 
values, which seems to provide an earlier indication of the clinical 
situation than the basal metabolic rate. 

10. Patients with h;^T)othyroidism have prolonged circulation times. 

11. Anemia considerably shortens the circulation time when the 
red blood cell count goes below 3,500,000. 

12. Inhalations of acetylene can be used to determine the time which 
elapses until all blood in rapid circulation has passed the lungs at 
least once ("^slowest circulation time’’)- (^) Tu^enty-four normals had 
the slowest circulation time of 2| to 3| minutes, (b) Ten cases of 
thjTotoxicosis showed slow^est circulation times of from 1^ to 2 minutes 
while patients in cardiac failure have slowest circulation times up to 
6 minutes, (c) Work shortens the slowest circulation time as much as 
2| times the normal, (d) The comparative values found with the fluores- 
cein method for the fastest and the acetylene method for the slowest 
circulation time show the same relation. 
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CONGENITAL HEAET BLOCK 
A Study of Two Cases in Healthy Adults 

By Thomas C. Jaleski, M.D. 

AND 

Eugene T. Morrison, M.D. 

NEW KOCHEDDB, N, Y. 

Congenital heart block is a rare anomaly; only 80 cases were 
described up to 1942. It is particularly uncommon to find congenital 
heart block in adults in the age group presented here. 

Case Reports. Case 1. The patient (Mrs. M. S.) is a 20 year old white 
female who has been seen at intervals for the past 4 years, during which time 
she has complained chiefly of easy fatigue and weakness. 

Past History. The patient was born prematurely after 7 months’ gestation. 
The delivery was normal. Her infancy was normal except for some feeding 
difficulties; no cyanosis was recorded at any time during infancy or childhood. 
At the age of 6 the patient was examined by a school physician who reported 
that she had a very slow pulse rate and a heart murmur. These findiiigs were 
constant during her school life, but she carried on all acti^’ities and participated 
in all school sports without experiencing any dyspnea, palpitation, syncope or 
other sjTnptoms of heart disease. She had chicken-pox and measles during 
childhood, but did not have diphtheria, tuberculosis or rheumatic fever. 

Physical Findings. On her first visit in March, 1938, the patient was a thin, 
white female, height 67 inches, weight 122 pounds. Neither the skin nor the 
nail beds gave evidence of cyanosis. There was no clubbing of the fingers or 
toes. The thyroid gland was not enlarged. The apex of the heart was in the 
5th interspace, 9 cm. from the mid-sternal line. At the apex, there was a soft, 
blowing, systolic murmur which occupied the entire s 3 '’stolic phase and was 
transmitted mediallj’’ and upward toward the base. The second sound was 
accentuated; no thrill was palpable. The pulse u’as 38 and regular. The 
blood pressure was 100/70. The lungs were clear. The liver and spleen were 
not palpable. There was no edema of the extremities. There were no con- 
genital deformities. 

Laboratory Findings. The urine was negative; blood count normal; "W asset- 
maim negatir'e; tuberculin test negative. The basal metabolism was —18%. 
The roentgenogram of the lungs was nonnal. Roentgen-raj' examination of 
the heart showed it to be nonnal in size and shape (Fig. 1). Fluoroscopic 
awaniination also revealed no cardiac abnoimalities in the antero-posterior, 
right or left oblique positions. Mi electrocardiogram shoAved complete auriculo- 
vcntricular dissociation. There was a 2: 1 block present; the auricular rate 
was 84, while the ventricular rate ivas 42 (Fig. 2). Both adrenalin (1 to 1000) 
and atropine sulfate (riir gr.) were administered separate!}’ on several occa- 
sions; neither of these dnigs changed the pulse rate appreciably nor restored 
regular sinus rhythm. 

Diagnosis. A diagnosis was made of congenital heart disease; complete 
heart block; and probable interventricular septal defect. 

Cowrsf. During the past 4 years, the patient has been in good health 
except for occasional colds. She has rvorked as a secretarr’ and has been 
married for the past year. However, she has complained constantlv of casv 
fatigiic and weakness. Her pulse has varied between 35 and 45 pe*r minute 
and has been regular at all times. She has had no attacks of svneope. The 
bns;rt nietabolisiu has licon repeated several times and has ranged between 

patient h.as been given several courses of tlnToid 
which made her Icel SAmptomatically better, increased her abilitv to do things, 
niul heliHHl her gam some weight (15 pounds in 4 vears). The thvroid medica- 
tion never appreciably altered the ]nil.^c rate. 
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Case 2. The patient (Mrs. C. D.) is a 31 year old white female who has 
been under medical observation for congenital heart disease ever since birth; 
yet she has been able to undergo 2 pregnancies, and lives a fairly normal life 
at the present time. 

Past History. The patient was born at tenn, but was a blue babj^ at birth 
and she was considered to have congenital heart disease. At the age cf seven 
months, she was seen by Dr. Charles Gilmore Kerley. At that time she had 
a loud sj’^stolic murmur at the apex and became c3’'anotic on exertion.* At the age 
of 3, she had an illness which Avas considered to be poliomj’^elitis. She wore 
braces on her lower legs for 2 j^ears following this, and has enjoj^^ed normal 
function of her extremities since that time. When she was 9 3 ^ears old, an 



Fig. 1. — M, S. Heart size and shape are essentially normal. 


electrocardiogram showed the presence of complete heart block which was fcl 
.to be truly congenital in origin. In 1924, she came under the care 
Harold E. B. Pardee who felt that the history’’ together with the electrocarmo- 
graphic eAudence predicated the diagnosis of congenital heart block. In 
she Avas seen b}’' one of us and a tracing was made (Fig. 3). This shoAved com- 
pleto auriculo-A^entricular block. ^ t r i" 

Physical Findings. In 1927, the patient Avas a thin, Avhite female oi 
There Avas no cj^’anosis and no clubbing of the fingers or toes. The 
pulse was in the 5th intei'space, Avell inside the mid-claAicuIar line, 
a harsh, blowing, sj^stolic murmur Avhich Avas heard loudest at the 2d 
left intercostal spaces and Avas transmitted upward. The pulse 
the blood pressure was 90/60. The lungs Avere clear; the liA’er and spie 
were not palpable. There Avas no edema of the extremities. , ^ 

Laboratory Findings. The urine Avas negative; blood count 
mal. The Wassermann and tuberculin tests Avere negative. An on no 

♦ Personal communication from Hr. Kerley. 
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pjfj 2. — M. S. Electrocardiogram shows complete aiiriculo-vciitricular Idock. 
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graphic tracmg gave a measurement of 13.5 cm. for the transverse diameter 
of the heart. electrocardiogram showed complete auriculo-ventriciilar 
block. The auricular rate was 75, while the ventricular rate was 35. 

Diagnosis, A diagnosis was made of congenital heart disease; complete 
heart block; and probable interventricular septal defect. 

Course. Under Dr. Pardee^s supe^^^sion, the patient has undergone two 
pregnancies successfully. During the last quarter of the first pregnancj’’ (in 
1935), she experienced some dyspnea. During delivery her pulse rate gradu- 
alb'' increased and at one point was 68 per minute. This increase in rate was 
due to the appearance of premature beats which started about an hour before 
delivery. Her pulse rate dropped back to 44 15 hours after delive^ 3 ^ Her 
respiratory rate increased to 32 per minute before deliverj^, but decreased to 23 
6 hours thereafter and did not rise again. She had a slow but uneventful 
convalescence. The second pregnancy came in 1938. This delivery was 
short and uneventful; there was no rise of pulse or respiratory rate of an)" 
significance. In December 1940, wdien she was under considerable stram 
because of illness in the famity, she had several fainting spells which sounded 
like Stokes-Adams seizures. However, no observation was made on her 
during these attacks. An electrocardiogram taken by Dr. Pardee in 1941 
show^s that complete A*-V block is still present (Fig. 4).* At the present 
time the patient is w^ell and able to carry on the usual activities of taking 
care of her home and 2 children vuthout discomfort of any sort. 

Comment. Both these patients have lived fairly normal lives^ m 
spite of the fact that they have complete heart block of congenital 
origin. Mrs. C. S. is not only in an age group seldom reported w’ith 
congenital block, but she has also carried two pregnancies through to 
term. 

According to Yater,^ heart block of congenital origin is distinguished 
by the following conditions: (1) An electrocardiogram which shows 
complete block. (2) A slow pulse that has been noticed at an early 
age and has continued to be present. (3) The absence of any history 
suggestive of an infection that might produce block; these infections 
are diphtheria, tuberculosis, s^^^hilis and rheumatic fever. ^ (*1) 
Syncopal attacks. (5) The presence of a congenital heart lesion; 
usually a patent interventricular septum. 

Both patients presented herewith have electrocardiographic evidence 
of block. Mrs. M. S. has had a slow pulse from childhood; Mrs. C. D* 
was considered to have congenital heart disease from birth and has hau 
elecirocardiographic evidence of heart block since the age of 9, Neither 
of the patients has a history nor laboratory findings whicli wmuJa 
indicate an infection as the cause of the block. . 

Mrs. M. S. has never had syncopal attacks, but i\Irs- C. D. has ha 
several fainting spells. Since the latter’s pulse rate often droppe 
below 30 (Fig. 4) the basis for the s^mcope is evident. The electro- 
cardiogram of both cases showed normal ventricular complexes. Leec i 
points out that when this occurs the block must be in the course of the 
main bundle of His above the bifurcation. , 

Both patients possess rough, low-pitched, systolic murmurs hear 
loudest in the 2d and 3d interspaces. Due to the character and loca- 
tion of tliese murmurs, it has been assumed that they are caused 
an interventricular septal defect. According to Wallgren and > *n- 

* We wish to express our appreciation to Dr. Harold E. B. Pardee for furnishing: this 
data and permitting us to use it. 
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blad^ 66% of the reported cases of congenital heart block have this 
anomaly. Only 11 of the reported cases have come to autopsy. Six 
of these showed interventricular septal defects ; 2 had a patent ostium 
primum; 3 had intact septa. These findings would seem to indicate 
that interruptions in the conduction system are not necessaril}'^ associ- 
ated with septal defects but may be independent malformations. Sep- 
tal defects are the commonest congenital cardiac anomalies (Abbott^) 
yet congenital heart block is rare. Fleming and Stevenson^ believe 
that this is due to the fact that the usual septal defects are anterior to 
the pars membranacea while the main bundle of His lies behind it. 

Complete congenital heart block is not in itself fatal. The cases 
presented herewith give further evidence that it is possible for a person 
with this anomaly to reach adult life without serious cardiac symptoms. 

Summary. Two cases of congenital heart block are reported. The 
first case, which has been studied for 4 years, is a healthy adult who 
has no cardiac symptoms and no other apparent anomalies. The 
second case, which has been followed from birth, has had no cardiac 
symptoms except for some syncopal attacks. This case is of particular 
interest in that the patient has had two normal pregnancies without 
any serious cardiac disturbance. 
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SYPHILITIC ANEURYSM OF CEUAC ARTERY 
By Thomas C. Laipply, M.D. 

SEN I on INSTRUCTOn IN PATIIOLOGV AND ACTING PATHOLOGIST -IN -CHARGE 

CLEVELAND, OHIO 

(From the Institute of Patholop:>% Western Reserve University and University 

Hospitals of Cleveland) 

.\neurysms of the celiac artery are rare, but somewhat less so than 
is true of the branches of this artery. A moderate number of reports 
of celiac aneurysms has appeared in tlie world’s literature, but the 
de.scriptions are often so brief and in some instances so obviously inac- 
curate that the c,xact situation and etiology are obscure. Thirty-two 
of the reported cases can be accepted as true aneurysms of the celiac 
artery, all liaving been proven by autopsy. Seven of these (Archer,^ 
Aronssolin,^ Baccelli,=’ Bergeon,® Concato,i® r^Iaunsell,®' Omodei-Zor- 
ink') were probably due to syp})ilis. In 21 (Balme-Dugarrav,'* Bar- 

tliolo"* ^ ' " in 1 l»t .1 ~ •» 

V 

L 

the etiolo,g.v was either unknown or not stated. In S instances (Gor- 
natu.’ Oinodei-Zorini.'- Sas”*) the possibility of trauma being the 

vou \o. 4 — cH'TOPrji, 17 
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responsible factor was worthy of consideration. In the curious case 
described by Ivolisko-^ the finding of a hog bristle in the aneurysmal 
wall suggests that the patient might have swallowed the bristle which 
had lodged in the aneurysm after passing through the wall of the 
intestine. At that time the bakers of Vienna used hog bristle brushes 
in making bread. 

The first case confirmed by autopsy was described by Bergeon in 
1830. The patient had general paresis and the aneurysm of the celiac 
artery was presumably syphilitic. 

In 1862, Concato^- described a typical aneurysm of the celiac artery 
which w^as diagnosed in life. The patient was a 38 year old male who 
had syphilis, epigastric pain, fever and a pulsating abdominal tumor 
mass. Autopsy re\'ealed a ruptured saccular aneurysm of the celiac 


artery. 

The last recorded case (1941, LeVay) was that of a 58 year old 
white female who had signs and symptoms of acute cholecystitis— 
vague gastro-intestinal symptoms for some 6 months, then sudden 
severe epigastric pain radiating to the right shoulder, nausea, slight 
icterus and fever. There were signs of localized peritonitis and a 
palpable mass in the right upper quadrant. The patient died sud- 
denly 6 days later. Autopsy revealed an aneurysm of the celiac artery 
which had ruptured into the lesser peritoneal cavity. Death was due 
to pulmonary embolism arising from a thrombus in the compressed 
inferior vena cava. The pain in the shoulder and icterus were thought 
to be due to pressure on the diaphragm and bile ducts respectively. 
There was no e\’idence of syphilis and there was very little arterio- 
sclerosis. Other cases are indicated in the bibliography at the end of 
this paper. 


Three cases (Battaglia,® Smith, Soos^') of false or spurious aneurysm 
of the celiac artery, tuberculous in origin, have been reported. In 
3, caseous tuberculosis of the regional lymph nodes evidently had 
extended to the celiac artery-, resulting in tuberculous arteritis and 


aneurysm formation. 

A fourth case of spurious aneurysm of the celiac artery was reported 
by Irvine.-- The patient had nephrolithiasis, pyelonephritis and exten- 
sive suppuration of the retroperitoneal tissues. The e^rtension of tne 
acute inflammatory process to the celiac artery resulted in de.struction 


of its w^all and localized dilatation. ^ . 

In the case to be reported, the aneurysm was due to syphilis, it ^ 
the onl;\’ instance of aneur^’sm of the celiac artery in 8070 autopsies 
performed at the Institute of Pathology of Western Reserve L niver.'^i } 


and University Hospitals. 


Case Report. A negro, aged 44, was first admitted to the hospital 
ber 29, 1941. His chief complaint was constant epigastric pain which raoia 
. T — ortirrocfrin min, inU-J' 


laterally along both costal margins. He had had similar epigastnc pain, m 
mittent in character, for over 3 years. . ^7 

Physical Examination, Temperature 37.4® C., pulse ^^6, respiration. ^ 
blood pressure 160 1 14. The heart was slightly enlarged to the left and tne 
were s^’stolic and diastolic apical murmurs. In the left upper quadrant oi 
abdomen there was a pid.=ating, firm, tender, fixed ma.ss, mca-^uring a 
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() cm. in diameter. Roentgen ray and fluoroscopic examination revealed an 
enlarged left ventricle, slight dilatation of the ascending aorta, and calcareous 
deposits in the abdominal mass. The blood Kline exclusion test was negative. 

At this time the most probable diagnosis was thought to be sj''philitic aortitis 
with aortic insufficiency and aneurysm of abdominal aorta. He Avas discharged 



Fig. 1. — Photograph of tho aneurysm, including a portion of tlie aorta. The probe lies 
in the lumen of the aneurysm and continues in the lumen of the celiac artery. 



Fuj. 2.-I’iiotomicrocnipli of the aorta rhowinc miliary pumnia in medi.a. X 105. 


after o days ami subsotpiendy visited file dispensary rcgnlariv. The epicastric 

• rk’.T-r.^l "’n nnalgc-ics'to enable iiim to 

A ork .IS a garbage rolleetor for months. In the latter part of April, 1042. 

hv notimi metyasmg Aveakness, generalized muscular soreness <hortnes< of 
lATA'ath on exertion, and at night frequently had chills, fever and night sweats 
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Two weeks before readmission to the hospital he first noticed swelling of the 
ankles and 10 days later vomited some clotted blood. From this time on his 
stools are said to have contained bright red blood. 

He was readmitted on May 30, 1942. 

Physical Examination, Temperature 40,1° C,, pulse 96, respirations 20, 
blood pr^sure 140/70. There was slight pallor and slight generalized icterus. 
The pupils did not react to light. There was no noteworth}" change in the 
heart. The pulsating tender abdominal mass was still present, measuring 
about 7 cm. in its greatest diameter. The liver extended 2 cm, below the 
costal margin in the right midcla'^ricular line and was slightlj^ tender. There 
was marked cutaneous h3^eresthesia over the abdominal mass. 

^ Laboratory Reports (daj^of admission). Urine: sp. gr. 1.015; contained bile 
pigment and a few white blood cells, no casts, albumin and sugar negative. 
Blood: 24,000 WBC (85% neutrophils, 12% l}Tnphoc}i:es, 3% monoc}’tes), 
2.5 miU. 45% Hgb. (Sahli); negative Klme exclusion test; icterus 

index 19. 

Hospital Course. The patient continued to pass blood b3^ rectum and his 
hemoglobin graduall3" fell, in spite of 3 transfusions of whole blood totaling 
1600 cc., to 28% on his 16th hospital day. The ictenis index rose to 30 by 
his 17th hospital day. He had a continued spiking temperature vrith a maxi- 
mum of 39° to 40° C. in the late evening. At times he was mentall3" confused 
and irrational. On his 18th hospital da3" he vomited a large amount of bright 
red blood, soon became comatose and died shortty thereafter. 

Azitopsy (No. 7804 hy Dr. W. B. Chamberlin, Jr.), The most significant 
observation was a ^’philitic saccular aneur3^sm of the celiac arter3’ measuring 
15 X 7 X 4 cm. All of the branches of this vessel were normal. The aneur3’5in 
was approximate^^ in the midline. It had compressed and destroi^ed a large 
portion of the head of the pancreas. There was a direct commum'cation 
between the main pancreatic duct and aneur3^smal sac. Clotted blood was 
present in the distal 3 cm, of the pancreatic duct and projected from the 
ampulla of Vater. There was also considerable clotted blood throughout the 
gastro-intestinal tract. In its proximal two-thirds, the pancreatic duct was 
distinctly dilated and there was moderate fibrosis of the entire pancreas- 
The aneurv’^sm had also displaced, compressed and parti all3" obstnicted the 
second portion of the duodenum and common bile duct. The extrahemtic 
and intrahepatic bile ducts were markedl3’’ dilated and there was ascendi^ 
acute cholangitis vrith multiple small abscesses in the liver. Generahzw 
icterus of moderate degree was present with an associated cholemic nephrosis. 
Indisputable gross and microscopic stigmata of s3Y)hilis were present in the 
thoracic and abdominal portions of the aorta. There was also 531111111110 
litis and slight insufi5cienc3^ of the aortic valve. No spirochetes could be 
in the aorta or aneun’-smal wall, but a miliary" gumma was demonstrate m 
the aortic arch. The iimer surface of the aneury^sm showed numerous larg 
projecting pale bluish-gray", translucent, hy-alinized intimal plaques, lucre 
were few atheromatous masses and there was little calcification. Within an 
between the projecting intimal plaques there was retraction of intima prodiicing 
stellate and parallel depressed lines. These gross findings are t3"pical 0 
S3"philitic arteritis. 

Comment. Both clinically" and pathologically" the case reported 
unusual. Generalized icterus and bleeding from the gastro-intcstina 
tract are uncommon clinical manifestations of abdominal aneurysms- 
Jaundice is particularly- rare. The celiac artery- and one of its 
the hepatic artery-, are in close proximity- to tlie extrahepatic bile 
a relationship which makes compression and obstruction of the >i ^ 
ducts by- aneury-sm of these vessels a likelihood, with consequent gen 
eralized* icterus" It is w-orthy- of note that in such cases the signs an 
symptoms may simulate acute cholecystitis or primary- hepatic disc. = - 
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Hemorrhage into the gastro-intestinal tract in patients with aneu- 
rysms of large vessels is usually due to erosion of esophagus, stomach 
or intestine and rupture of the aneurj'smal sac into the lumen of one 
of these viscera. In this case there was erosion of and rupture into the 
main pancreatic duct with hemorrhage into the gastro-intestinal tract 
by way of the ampulla of Vater. 

The rarity of the situation of the aneurysm in this case is indicated 
by the fact that only 32 acceptable cases of aneurysm of the celiac 
artery are found in the literature. In all but 2 cases, death resulted 
from' rupture of the aneurysm and hemorrhage into the peritoneal 
cavity or retroperitoneal tissues. In 3 cases syphilitic arteritis was 
established as the cause. In most instances the etiology was unknown 
or not stated. The majority of the cases, however, were reported before 
1895, when Dohle first established the relationship between mesa- 
ortitis and syphilis. It is, therefoi’e, probable that many considered 
to be of unknown cause were syphilitic. False aneurysms of this 
artery occasionally result from tuberculosis, acute suppurative inflam- 
mation and possibly trauma. 

Miliary gummas are not commonly demonstrated in chronic syphil- 
itic aortitis. Gordon, Parker and Weiss*”' found microscopic gummas 
in 8 of 360 cases, an incidence of 2.2%. 

Summary. Review of the literature shows that aneurysm of the 
celiac artery is rare. The case reported is one of saccular syphilitic 
aneurysm of the celiac artery complicated by bleeding into the intes- 
tinal canal by way of the pancreatic duct. The signs and symptoms 
simulated acute cholecystitis. 
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LOCALIZED AGNOTOGENIC (OF UNKNOWN ORIGIN) XANTHO- 
MATOSIS OP SPLEEN WITH SPLENOMEGALY AND ANEMIA 


By M. L. Dreyfuss, M.D. 

CLIFTON FORGE, VA. 

AND 

Ella H. Fishberg, M.D. 

NEW YORK, N. Y. 

(From the Laboratory of the Chesapeake and Ohio Hospital, and tlie Department of 
Laboratories of the Beth Israel Hospital, New York) 


The formulation of a rational basis of classification for the lipoidoses 
has been made possible in recent years by the chemical isolation of 
the specific substances accumulated and deposited during the course 
of the disease. The chemical structure of these substances, their inter- 
relationship and pathologic significance are indicated in Figure 1.^ 

Thus, the chemical nature of the accumulated lipoid determines 
the classification. It is recognized, howei-er, that other related lipoids 
may also be present in quantities above normal. 

Further subdivisions may be made and are desirable according to 
the organ or organs involved and the clinical course. 

At present, the follomng clinical forms are recognized:* 

A. Cerebroside lipoidosis: Morbus Gaucher: (a) infantile form; 
(b) adult form. 

B. Phosphatide lipoidosis: («) Niemann-Pick’s disease; {b) amau- 
rotic familial idiocy. 

C. Xanthomatosis or cholesterol lipoidosis: I. Idiopathic: (a) 
acute: Letterer-Siwe s disease; (b) chronic: (1) Hand-Sehueller-Chris- 
tian’s s\Tidrome; (2) cutaneous: disseminate and tuberous form; (3) 
cerebral; (4) pulmonary; (5) cardiovascular; (6) hepatic; (7) osseous, 
(8) splenic. 

II. Secondary: (1) diabetic; (2) icteric; (3) nephritic; (4) dietary, 


(5) experimental. ^ . 

In most instances, the visceral xanthomatoses are combined 
one or the other type of cutaneous lesion. According to Thannlmuscr 
and Magendantz,-'*’ a definite correlation e.xists between the type o 
cutaneous lesion and the localization in the viscera. Thus, it worn 
be possible to predict from the character of the xanthomatous skin 
lesion, the organ involved in a similar process. 

* CkDinDrchensivo di5CU.<*ions of the iipoMo.ses may )>c found in tlic artirli- and 
monS^phs of BuorKcr/ Epstein,* Pick,** Rowland,^* Tbnnnhauser.*- 
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The various forms of essentially visceral xanthomatosis form a 
residual group4* Only the syndrome of Hand-Schueller-Christian has 
received consideration comparable to that given to Gaucher’s and 
Niemann-Pick’s disease. The other types are not well known, particu- 
larly as there are only few chemical data available. Xanthoma- 
tosis envolving primarily the brain has been described by Bogaert 
and Scherer* together with Epstein and Lorenz*". Primary pal- 
monary xanthomatosis has been discussed by Noethen.^^ Recently, 
Mueller, and Bloom, Kaufman and Stevens^ published several cases 
of familial xanthomatosis of the skin and emphasized the role of 
familial xanthomatosis in hereditary heart disease. Cases with xantho- 
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inatosis of the biliary system liave been investigated by Buerger/ 
Thannhauser and otliers. Xanthomatosis of the bones has been 
de.scribcd by Cliestcr.® 

_ All these localized forms of xanthomatosis encroach upon the func- 
tion of the organ involved. AVc have had occasion to study a case of 
primary xanthomatosis of the spleen with splenomegaly and anemia 
as the main clinical symptoms. Tliis anemia disappeared after splenec- 
tomy. We have not found a similar case in the literature. 

Case Report. X.'mcy C., white, .aged G, of English-Scottish .stock, was 
l>om .at tonn, from he.althy p.arcnts. She weighed Si pounds. She had 
me.asles but none ot tlie other infectious dise.ases of childhood. She used to 
h.ave fo'quent att.acks of tonsillitis which sfopjied after a tonsillectomv was 
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performed when she was 5 3 ’ears old. However, since that time, she was not 
well, tired easily’’, became pale and developed cafe au lait colored spots and 
blotches on the trunk, face and thighs. She had never been very strong and 
her appetite was always poor. TNHien she was 1 year old, she had au attack of 
vomiting, fever and epigastric pain which lasted several da 3 's. As an infant, 
she had fainting spells after “holding her breath.’^ Since then, and up to the 
present time, she used to wake up in the middle of the night feeling faint and 
being confused, sometimes vomit and wet her bed. Such episodes occurred 
at interv^als of 4 to 6 weeks. Similar attacks occurred occasional!}" after exer- 
tion. No such attack was ever vdtnessed b}^ a phj^sician. Her sleep was 
alwaj’^s very light. Her mental development was nonnal and she did ver}" well 
in school. 

Her local phj^sician found her anemic (no data available) and gave her 
appropriate doses of iron and liver extract without an}" improvement in the 
anemia which was said to have been moderate. She then was seen in con- 
sultation by Dr. M. M. Fliess* who noticed a marked enlargement of the 
spleen and found her red count between 3.5 and 4 M/c.mm. The medical 
treatment was continued for a while but without result. She was then referred 
to the Chesapeake & Ohio Hospital, Clifton Forge, Ya., for further study. 

On admission (3-12-41), she did not appear acutely ill. She was a delicate, 
well-developed and fairly web-nourished child. Her skin was of fine texture, 
moist, pale, with irre^Iar cafe au lait blotches on both sides of the thorax, on 
one cheek, on both thighs and arms. There was no thickening of the skin and 
no induration. The spleen xvas palpable 3 fingers below the ribs. It seemed 
smooth and finn. No l}"mph nodes w’ere palpable. The raucous membranes 
were pale. Otherwise the physical examination w’as entirely negative. Tem- 
perature, pulse and respiration were normal. 

Laboratory Tests. Urine; no abnormal constituents. Blood: red cells, 
3,145,000; hemoglobin, 64% (Hellige); color index, 0.94; volume index, 1-1 ^ 
slight anisocytosis; no sickle cells, no spheroc}i:es, no nucleated red cells; 
cells, 5100 (segmented neutrophils 50%, stabs 5%, monocytes 3%, eosinophd'^ 
2%, hunphocytes 40 %); platelets, 180,000; bone marrow’: nonnal composition, 
no abnormal cells; bleeding time, 4 minutes; coagulation time, 4-1 minutes; 
fragilit}" of red cells; partial hemolysis at 0.44% NaCl, complete heinolysr^^ at 
0.34% NaCl; icterus index, 4.6; bilirubin, less than 2.5 mg. per 100 cc; hloo<l 
cholesterol, 125 mg. per 100 cc; blood urea, not determined; Exton Rose glu^'^ 
tolerance test (at a later date — 6-17-42): 124.2, 99, 82 mg. per 100 cc; blood 
pressure, 100 systolic, 65 diastolic. 

Rocntgcnographic Studies. The pituitarx" fossa w’as nonnal in size and regu- 
lar in outline. No lesions of the bony skull, the ribs and the extremities 'vere 
noted. The lung fields xvcre clear. t 

In xiew of the splenic enlargement and leukopenic anemia which had pro\ea 
absolutely refractor}-, it was decided to perform an explorator}" laparotom} 
with possible removal of the spleen. The possibility of a lipoidosis w'as con- 
sidered but the absence of abnormal cells in the bone marrow and nrgatnc 
roentgenologic findings seemed to speak against this diagnosis. ^ 

Operation: The spleen w*as removed in the usual manner after separating 
some adhesions. Inspection of the abdominal organs, especially the h\crt 
show’cd none of them unusual. The postoperative course was unevenup • 
Four days after operation the blood count xvas: red cells, 4,550,000; vin 
cells, 16,700 (segmented neutrojdiils 71%, stabs 13%, monocytes 4%, eosin>- 
phils0%, h-mphocytes 12%); platelets, 273,000. ^ ^ i 

She was discharged 10 days after operation. Unfortunately, no clorC 
low-iip was possible. She was seen, how-ever, once again, 14 months - 
She had gained w’cight and grow’ii nonnal ly. The ])row’nish areas 
were still present but to a lesser degree. She still had the occa.rional 
as described above. 0th ervrise she seemed to do w-ell. Her blood count Vj • 
red cells, 4,440,000; hemoglobin, 96% (Hellige); color inde.v, l-Oo; v’hitc cw 
13,500 (segmented neutrophils 27%, stabs 3%, monocytes 4%, eosinopinr - 

* Dr. M. M. Fliers, Clifton Forpe. Vn.. furnLhr<l the clinical (I.''**'*- 
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lymphocytes 64%); platelets, 501,000. Her urine was normal. The blood 
cholesterol was 130 mg. per 100 cc. 

On June 22, 1943, the patient seemed well and has made adequate progress 
physically and mentally. There rvere a number of small fiim lymph nodes 
]iaipable in the neck, in the axillae and in the groin. They were not tender. 
I suppose they foimed after removal of the spleen. A Roentgen ra 3 ^ of the 
skull was noiTnal. The urine showed no abnonnal findings. Hemoglobin 
was 89.1 % (Hellige)! Red cells, 4.43 million/c.mm. White cells, 10,050 (69% 



Fid. 2. — Fojim cells in splenic pulp. Stain: H. and E. X G70. 



Fid, o.—Sudanophil matter in droplet form (black in pliotopraph). X SO. 

lympluH’ylos, 1<',' monocyte. 2‘7 neutrophil .«tahs. 
and !<•;- e<»sin(\phil). The platelets were 886,000 
lllmling time. 4 minutes; eoaEnilatkm time, 41 

10 mg. per ICO cc. Blood calcium. 10.4 me. per ' 

4.5 mg. per 100 cc. Cliolcsterol, 220 mg. per 100 

11 hours: 10.), 1 16, OS, 74, 00, SO mg. per KiO cc'. 

The value for cholesteror which is now liigh normal contran- to tim low 

nunnal on previous occasions is noteworthy. 


34 neutrophils soginentod 
The hematocrit was 41. 
minutes. Urea nitrogen, 
100 cc. Blood phosphorus, 
cc*. Glucose tolerance test. 
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Description of the Spleen. The spleen was enlarged to about 3 times 
its normal size. It weighed 190 gm. and was firm. The margins were rounded. 
The capsule was thin except for a few fibrous adhesions. The vessels were 
normal. The cut section was drj^, dull brick red with numerous grayish 
miliarj* nodules. Sections were stained vrith hematoxjdin-eosin, trichromc 
(Foot), elastica, Sudan 4, and impregnated with silver (Foot). 

Microscopic Fi7}di7}gs, The follicles were placed far apart due to the marked 
hji^erplasia of the pulp. The reticulum cells of the pulp were large. In 
paraffin sections, their protoplasm was clear and foamy (Fig. 2). The nuclei 
were small, dark staining and located centrally or somWhat to the peripheiy 
of the cell. AVith Sudan 4, the protoplasm appeared to contain orange red 
droplets or fine gold brovn dusty granules; frequently it was Sudan-negative 
(Fig. 3). The foam cells formed heaps and strands which filled the major 
part of the pulp. The}" were less numerous around the follicles (Fig. 4). 
The sinuses were compressed and almost bloodless. Their endothelium was 
flat and did not contain lipoid. In the perifollicular areas, where the lipoid- 
containing cells were less numerous, the sinuses were congested. Fat was also 
found in the reticulum cells of the geiminal centers, in perivascular histiocytes 



Fki. L -The xnnthomatous procerus is Ic>s marked around the follicles. The clear zonc-^ 
are areas filled with foam cells. X lOS. 

of the Malpighian arteries and of the trabecular vessels. Tlierc was no inflani- 
mator}' reaction. There was no fibrosis. Xo giant cells were sccn.’^^ 

CnEMic.\L Analysis of the Spleen. The spleen after 2 days in Kaiscrlinf: 
Xr. 1, was washed carefully and placed in 10 fonnalin. The quantitative 
analysis was started a few days later. 

* In thi"* connection, we have recently had a cai*e (Univ. of Pcniia. Ho-p., .Vjd* 
12S0) of .splenic lipoidosis which would probably be allocated as “«c<'onf!ar>'*’ in the 
classification below. The patient, a 19 year old colored Kiri with a patent 
ovale and mild pulmonary* stenosis, developed subacute Kloraeruloncphritis with th^ 
nephrotic .‘•■jmdrome and lost serum proteins until her A.G ratio was 1.2 '1. 7 
had a persistent h>*perchole5terolcmia reachint; 7S0 mp. per 100 rr.; Hb. O.fi pm.: 
normal WTi.C. count?. At autop-y. her spleen (weipht 550 Km.) was smooth. 
ccncous. dull pink, flabby with buIrinK cut surface. Hi^toloKic examination 
numerous, often coale?eent collections of larKc cell'^ 40 to 120 micra in diameter. wi 
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The lipoids were extracted with alcohol and ether (Bloor^) and isolated in 
petroleum ether. The phosphatides were precipitated from the petroleum 
ether with acetone and magnesium chloride. The lecithin and cephalin were 
then dissolved in ether. The lecithin was determined from its cholin content 
by the method of Romania as modified by The diaminophosphatide 

was then estimated by the method of Thannhauser and Setz*'^ by precipitation 
with Reinecke acid. Cephalin was estimated by difference. The cerebro- 
sides, which were present only in traces, were detennined by the method of 
KimmelstieP'* as modified by Kirk.^^ 

The values are expressed in mg. per 100 gm. of diy weight. 


For comparison, the values of splenic lipoids in other types of lipoid- 
osis are also tabulated; 



Dreyfiiss 

FiHhhcrK 

Normal 

Niemanii- 

Pick 

Gaucher 

Tay-Sach.s 

Total cholesterol 

. . G.3G 

O.G- 2.3 

6.73 

2.72 

2.G7 

Free cholesterol 

. . . 3.12 

0.5- 1.1 

G.70 

0.52 

1.00 

Ester cholesterol 

. . 2.20 

0.2- 1.2 

0.03 

2.20 

1.G7 

Total phospholipids . . 18.30 

5 5-11.0 

42.50 

9.39 

G.58 

Lecithin 

, . . 10.24 

3.1- 4.0 


7.34 

4.44 

Cephalin . 

. . . 7.11 

l.G- 4.0 


1 .50 

1.23 

Fatty acids 

. . . 7.83 

7- 9 


G.IO 

7.25 

Sphingomyelin 

. . . 0.95 

0.7- 1.0 

32.70 

0.55 

0.91 

Corcbrosidcs . 

. traces 

traces 


G.G5 


Comment. 

The outstanding 

feature of this case 

was a 

splenic en 


largement caused by aceumulation of lipoid substances in the reticulum 
cells of the spleen. As established by quantitative chemical analysis, 
tlie increase of lipoids was mainly in the monaminophospholipids: 
lecithin and cephalin. The total cholesterol was also increased from 
3 to 10 times normal. The ratios between total cholesterol, ester 
cholesterol and free cholesterol were not markedly changed. The 
phospholipids were increased due to the high values of lecithin and 
cephalin. Sphingomyelin was present in normal amounts and thus 
the possibility of Niemann-Pick’s disease could be discarded. The 
ccrehrosides were found to be present only in traces and therefore 
(inuchcr’s disease was also ruled out. Accumulation of cholesterol 
and monoaminophospholipids, on the other hand, is characteristic for 
xanthomatosis, essential or secondary. The total cholesterol of the 
blood was low normal. The significance of this fact will be discussed 
later. 

The chemical results fit with the histologic findings. The appear- 
ance of the protoplasm was definitely not that of the Gaucher cell. 
A large proportion of the lipoid-containing cells was Sudan-positive, 
with variation of degree. No special staining methods for lipoids 
were applied because it was felt that they were not very reliable. 
There was no double refraction, a fact for which we have no explana- 
tion. The fatty substances were present only in the reticulum cells, 
prevalently in the pulp but also in the Malpighian follicles and in 

1 n\ic!oi i\iui pink, isoniowhat ^*a^uolatpd or rarefied cvtopla:^tn. con- 

tainiiiK no .'iudanopliilie nor anisotropic in.Tterial. Tlie.^e colL« tvero ail in tlio pulp and 
estnifoUicular. in<owliere thi^' ohantre was found only in a few Ivmph nodes. The 
ren.al tubule- had niodcmte amounts of sudanophilic material and small amounts of 
.amsotroptc Mih^tance. and the hepatic cells ront.ained finely divided, evenly distributed 
droidct.s which stained partially with Sudan IV. We have tentatively cla.s,sified this 
ca-e a- xanthomato-is of the spleen and lymidi nodes, associatetl with h\-percholesterol- 
cmi.a, — Entniit. 
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perivascular histiocytes. The endothelium of the sinuses did not par- 
ticipate at all in the process. This fact has previously been empha- 
sized by Pick.^® Fat is normally present in the spleen in small amount* 
mainly in the reticulum cells of the follicles. It may be considerably 
increased experimentally by oral or intravenous introduction of choles- 
terol or sphingomyelin.^® 

Lipoid-containing cells have been found in tlie spleen in cases of 
severe diabetes and in cases with diabetic lipemia. Usually, this does 
not cause splenic enlargement. In a small number of cases, however, 
a splenic tumor was present. Schultze-^ was the first to describe lipoid 
cell hyperplasia of the spleen in diabetes. A number of other reports 
followed. A certain distinction has been made between the splenic 
xanthomatosis associated with diabetic xanthelasma and that of dia- 
betic lipemia. It has been claimed that in the latter, because of itvS 
more acute course, the character of the intracellular lipoids is more 
variable than in the former and the picture more marked. Except for 
the cliemical analyses carried out in the cases of Fahr and Stainin® 
and Siegmund,-® the interpretation of these cases is based solely on 
histochemic reactions. It seems probable that the underlying mechan- 
ism is the same in all of them and the ^'ariations do not warrant a 
separation into two groups. 

Xanthomatosis of the spleen in non-diabetic patients has been 
reported by Dyke^ and Wille-Baumkauff.^^ Dyke found the cliarac- 
teristic splenic lesions in a patient with cirrhosis of the liver, pancreat- 
itis and a hypercholesteremia of 1250 ing. per 100 cc. Wille-Bauni- 
kauft* described them in 2 patients, 1 of which died of common duct 
obstruction, the other, at the age of 72, of generalized arteriosclerosis 
and renal arteriolosclerosis. 

In all 3 cases, hypercholesteremia was present or high^' probable. 
The values for total blood cholesterol in the present case were low nor- 
mal. Both normal and high blood cholesterol have been observed m 
essential xanthomatosis. This discrepancy is important for the inter- 
pretation of the nature of the process which terminates with the 
accumulation of the various lipoids or lipoid mixtures in certain organs 
or cell systems. Some authors maintain that there is a primary dis- 
turbance of the lipoid metabolism and that the accumulating abnorinal 
products are passively stored, preferably in cells to wliicli they have a 
special affinity.^®--^ On the other Iiand, it lias been claimed that the 
lipoidoses arc diseases of the reticulo-ondothclial system and that the 
accumulation of the lipoid substances is secondary also that hjKun 
storage may he secondary to protein disturbance of renal disease. 
Between these points of view, various different interpretations ha'c 
been brought forth: abnormal ratio between total and free chole.- 
terol,- deficiency of lipolytic enzymes,-^ precipitation due to iion- 
optimal dispersion.^® intracellular disorder of the retirulnin cells but 
not confined to the rcticuio-endothclial system.-' 

Since our knowledge of lipoid metabolism is very incr^inplete* 
general agreement am be expectwl. I'he present case may thrriv 
some licht on a few pertinent questions. 

L There was no evidence of a general disturbance of the 
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metabolism. The discoloration of the skin was not that usually seen 
in xanthomatosis but resembled rather that of Gaucher’s disease. 

2. No diabetes was present. On the contrary, the blood sugar 
dropped, during an Exton Rose glucose tolerance test, from a fasting 
level of 124.2 to 82. We realize that a single curve of this type has 
but limited significance. However, Buerger'* has collected a number 
of cases of xanthomatosis which all had low blood sugar values (down 
to 40 mg. per 100 cc.). These observations are in contrast to the 
general opinion that the sugar tolerance in xanthomatosis is usually 
decreased. Whether the attacks of sweating, weakness and mental 
disturbance, from which our patient suffered, are to be regarded as 
hjT)oglycemic episodes or whether they are epileptiform seizures, we 
are not able to say. It seems more likely, however, that they represent 
mild hjTooglycemic states. At any rate, there was a disturbance of 
the carbohydrate metabolism which may be connected with the 
xanthomatous process. 

3. The xanthomatosis apparently was limited to the spleen. The 
liver seemed normal. The pancreas was not examined at the operation. 
We wish to emphasize again that the endothelial cells did not partici- 
pate in the changes. It seems unlikely, then, that the lesion was a 
general one of the reticulo-endothelial system. 

4. The anemia, which was the main clinical symptom, was never 
very severe. It was normocytic, leukopenic, with no evidence of 
hemolysis. There was no hemosiderosis. The anemia improved after 
splenectomy and the blood count has been almost normal over a 
considerable period of time, except for the now present Ijonphocytosis 
■—a not infrequent sequel of splenectomy in general. By what mech- 
anism the anemia was produced, we are not able to say. The marked 
improvement after splenectomy certainly suggests that the pathologic 
changes in the spleen were responsible, perhaps by disturbing the 
spleen’s regulatory influence on blood formation. 

5. The general condition of the child also improved after splenec- 
tomy, and has remained good for over 2 years. This is additional 
evidence that the xanthomatosis of the spleen is here a local disorder 
rather than an expression of a general metabolic disturbance. 

The most satisfactory interpretation of the present case seems to 
he that a local intracellular disorder, perhaps due to an intracellular 
disturbance of the lipolytic enz^nnes, has caused the accumulation of 
lipoids in the reticulum cells of the spleen. Otherwise, no such im- 
provement as seen in the present case after splenectomy, could be 
explained. 1 he possibility of an associated xanthomatosis of the pan- 
creas may in a speculative way — be considered in connection with 
the increased sugar tolerance of the patient and the probablv hypo- 
glycemic attacks. 

Suitunary. A case of primary xanthomatosis of the spleen associated 
with splenomegaly (due to foam cells) and anemia in a non-diabetic 
olnid IS dcscribcxl. Tiic results of histologic and quantitative chemical 
analysis of the sjfieen arc reported and discussed. The lipoids chiefly 
mereasecl were leeithin. cephalin and total cholesterol, thus ruling out 
(laneher's and Xiemann-Pick s disease. 
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It is thought that the process represents a local intracellular disorder, 
perhaps due to faulty action of the lipolytic enzymes. Splenectomy 
was beneficial. 
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CLINICAL OBSERVATIONS ON THE EFFECT OF 3,3 -METHYL- 
ENEBIS (4-HYDROXyCOUMARm)* 

By Loi'is H. WASsEn-MAX, 
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Daxiel Stats, M.D. 
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(From the Lalwnitorics, SurRical and Medical Services, and Out-Patient Department f*. 
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Dcbixg tlie last few years, the diniwtl use'-* '’'-'’ of niitieoapulant.' 
has greatly increascfi clue in large part to the preparation of a noii- 

* Thp dicoiimarin U!Kk 1 in this study was suppliH t.y Dr. Gordon of tlio Knfio 
is the roileo.ive tn.drn.arJc of tho Wi^oon-.n Atumn. 

Foundation. 
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toxic heparin and to the excellent clinical and laboratory studies of 
intravascular thrombosis and embolism.* 

Widespread use of heparin in the therapy of these conditions has 
been limited by great expense and difficulty of administration of the 
drug; it must be given intravenously either in a continuous infusion or 
by injections 3 or 4 times daily, t 

’ Studies on the pathogenesis of hemorrliagic sweet clover disease in 
animals’^''^ have culminated in the recent synthesis^'' of a new anti- 
coagulant. This substance, 3,3'-methyleuebis(4-hydroxycoumarin), 
has practical advantages over heparin: it can be given orally and is 
relatively inexpensive. Its effectiveness and toxicity have not as yet 
been adequately studied. The object of this presentation is to deter- 
mine the ability of this drug to act as an anticoagulant in humans and 
to ascertain its effectiveness and toxicity. An attempt has been made 
to formulate a satisfactory mode of administration and to assess in 
general the efficacy of such anticoagulant therapy in clinical practice. 

Investigations of the action of 3,3'-methylenebis(4-hydroxycou- 
inarin) in laboratory animals- have shown a prolongation of the 
clotting time and a reduction in prothrombin activity of the blood. 
Large or repeated toxic doses have been shown to produce widespread 
hemorrhage and in some animals death. Studies in humans-'^’®’'*-^® have 
been recorded in relatively few cases; not enough data is available to 
determine accurately the feasibility of administering this substance 
in clinical practice. We have therefore given this drug in repeated 
doses to a group of 71 adult patients. 

Materials and Methods. The coagulation time was determined by a 
minor modification of the Lee and White two-tube method," the average 
clotting time of the tubes being taken as the coagulation time. Nor- 
mally, this varies from 8 to 14 minutes. 

Prothrombin activity was measured by a modified Quick^® ’- tech- 
nique using acetone-treated rabbit brain as the source of thrombo- 
plastin. 0.1 M sodium oxalate as the anticoagulant and 0.0125 M cal- 
cium chloride. The activity was expressed as a prothrombin index by 
the formula: 


Prothrombin index % 


Control p lnsmn time (seco nds) X 100 
Pathologic plasma time (seconds) 


'Phe tests were performed on several dilutions (0.85% sodium chloride 
solution) of plasma, ranging from 02.5% to 25%. At these dilutions, 
significant changes in prothrombin activity are more readily detected 
than when undiluted plasma is tested. Normal control plasma was 
tested at the sainc time in the same dilutions. 

Hktod was drawn with minunal stasis in a syringe rinsed with 0.85% 


• This includes any intravnsculnr thrombosis or onibolism such as Wand or septic 
vonous thwml>osis. pldcWtis micrnns. tliromboanciitis obliterans, arterial tlironibosis or 
cml>o!ism m nny organ* 

t iSiuro this raanuscript yvas submitted a paper. “A New Practic.al Method for the 

i.rntTnrTo'riiwp\Tir^''T \l Lw Loowo and Piiiiip Roson- 

tort . Academy of Medicine on Mav 

lhe> de^nhed a sattsfaetory technique for the use of heparin bv the suli- 
.•ut,aneous nutto. (1 lus article will appear in a subsequent issue of this Journal.— EniTon ) 
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sodium chloride solution. All glassware was washed with green soap 
and dichromate cleaning solution and thoroughl}' rinsed and dried. 
Scrupulously clean glassware must be used if reproducible results are 
to be obtained. 

Of the 71 cases, 24 were females and 47 were males. The ages 
ranged from 20 to 70 years with half of the cases in the 50 to 60 year 
age group. The patients’ weights varied from 100 to 200 pounds. 
The first 22 patients were selected only in so far as they could remain 
in the hospital for 2 weeks after the studies were started. Tliey had a 
variety of diseases: 9 with arteriosclerotic heart disease; 3 chronic 
liver disease; 3, polycythemia vera; 2, generalized eczema; and the 
remaining 5 cases with varied clinical conditions. In the other 49 cases, 
there existed a clear-cut clinical indication for the use of an anti- 
coagulant. In this group are included 17 cases of pulmonary embolism 
and infarction, 9 cases of thrombophlebitis, 10 cases of peripheral 
arterial disease of varied etiology, 1 case of thrombosis of the central 
vein of the retina and 12 cases of embolus or thrombosis in a major 
artery. 

Procedure. The 3,3'-metliylenebis(4-hydrox}’'coumarin) was weighed out 
in gelatin capsules and was gi'^^en orall}^ on the average of S times to each 
patient. The doses varied from 200 to 500 mg. and the inter^^al between 
doses varied from 1 to 7 da 3 ^s. The drug was administered on the first day the 
patient was studied. Because of the latent period of the action of the drug, 
which varies from 24 to 72 hours, at least two control readings of coagulation 
time and prothrombin index could be obtained in all cases. Blood was drawn 
for stud}’' at daily intervals whenever possible. In all, about 900 determina- 
tions were done, averaging 13 determinations per patient. The 10 cases of 
peripheral vascular disease were studied from 1 to 16 weeks. !Most of the 
other cases were studied from 1 to 3 weeks. In these studies we iiayc con- 
sidered a satisfactor}^ response to the dicoumarin to be an increase in the 
clotting time of the whole blood to between 15 and 20 minutes and a fall in 
the prothrombin index of the plasma to between 30% and 50%. At the same 
time there must not be untoward toxic effect, i. c., hemorrhagic manifestations. 

Results. At first, the drug was used cautiously because of the 
toxicity in animals- and minor toxic effects reported in humans.*' 
It soon became apparent however that single doses of 200 to 400 mg. 
could be tolerated. In general, the plan of dosage was directly depend- 
ent upon the individual response of the prothrombin index. The drug 
was given if necessary in daily doses of 200 to 500 rng. The drug was 
given in some cases when the prothrombin index was as low ns 40%* 
Our more recent experience, however, is such that dicoumarin is not 
administered whenever the prothrombin index is less than 50%. 

The results of 6 selected cases illustrating variation in response to 
the drug are shown in Figure 1. A single dose of 400 mg. is nsually 
effective in producing the desired response.*'^ Two similar cases, each 
of which received 500 ing. of tlie dnig showed a marked difference in 
response: 1 showed a reduction in prothrombin activity and c‘f)nMder- 
able prolongation of the coagulation time over a period of 1 week while 
in the other case the response was minimal. 

Two other cases, essentially similar in age and weight, rcceiveo 
approximatelv 2000 mg. of the dicoumarin in divided doses over an 
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18 day period. In 1 case the effect ^yas marked and prolonged with 
evidence of toxicity. The prothrombin index fell to 10% of the nor- 
mal and the coagulation time rose to 35 minutes. The effect persisted 
for 7 days after the drug was stopped. In the other, hmyever, the 
effect was minimal and in no way comparable. The minimal pro- 
thrombin index in this instance was 40% while the maxirnal coagula- 
tion time was 20 minutes. Most of the determinations in this case 
were close to the normal range. 

Toxic Effects. In 2 cases transient cramp-like abdominal pains and 
mild diarrhea occurred a few hours after ingestion of the drug. One 
of these patients complained of temporary crampy abdominal pains 
after each ingestion of the drug. Toxic manifestations of bleeding 
occurred in 8 cases, summarized in Table 1. 


Table 1.— Cases Showing Hemorrhagic Manifestations 
Prothrombin 


Diagnosis 

Viczoma 

Dosage of 
dicoutnarin 
\2Q0 mg. 
in 12 days 

index at time 
of bleeding 
(%) 

21 

Site of 
bleeding and 
duration 

Skin 

7 days 

Therapy to 
combat 
bleeding 
None 

Outcome 

Skin improved tempo- 
rarily 

Aricriosclerotic heart dis- 
ease; Tcnal cakulns 

2000 mg. 
in 18 days 

13 

Kidney 

2 da>"8 

None 

Recovery 

Generalized arteriosclero- 
sis 

2400 mg. 
in 13 days 

13 

Kidney 

7 days 

3 blood 
transfusions 

Fresh blood transfusions 
did not stop bleeding; 
recovery^ 

Kmbolns to femoral artery 

1000 mg. 
in 4 days 

7 

Amputation 
stump; Tectum 

11 days 

5 blood 
transfusions 

Death from hemorrhage 

Puhnonar>' infarction; 
lhromlK)plilcbitis 

2200 mg. 
ill 13 days 

10 

Operative 

incision 

5 blood 
transfusions 

Fresh blood transfusions 
did not stop bleeding; 
recovery 

Arterial emlwlns 

1200 mg. 
in 7 days 

20 

Operative 'wound 
5 days 

2 blood 
transfusions 

Fresh blood transfusions 
did not stop bleeding; 
recovery' 

Thromlmtigiitis obWlcr- 
ans 

GOOO mg. 
in 12 ^\cck8 

G 

Gums 

2 day's 

None 

Recovery 

Pulmonarj- infarction; 
throml>ophlcl)itis 

1800 mg. 
in 20 daj's 

20 

Lung 

1 day 

None 

Recovery' 


Liver function tests such as the cephalin flocculation test, hippuric 
acid excretion test, bromsulphalein test, icterus index, and galactose 
tolerance test were performed in cases showing toxic effects. Xo 
interference with liver function could be demonstrated. Vitamin K 
had no effect on the circulating prothrombin or on the bleeding tend- 
ency. This parallels the experience of Bingham, Meyer and Pohle.- 
Discussion. Our re-sults show that oral administration of repeated 
doses of 3,3'-methylencbis(4-hydroxycoumarin) is effective in produc- 
ing a variable and often marker! prolongation of the coagulation time 
aiui a reduction in the prothrombin index. The mechanism of this 
action in decreasing the coagulability of the blood has been thought 
to he due to this reduction in the prothrombin activity. 

In some of our cases, a marked reduction in prothrombin content 
of the plasma to 10% was not associated with an increase in the 
I'oagulation time. 1 his rx^rrosponds to our findings in case.s of obstruc- 
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tive jaundice not receiving the dicouinarin, in vhich a normal coagula- 
tion of the whole blood existed with low prothrombin content of the 
plasma. In many of the other cases receiving dicouinarin, however, 
elevations of the coagulation time to over .30 minutes were observed 
when the prothrombin activity fell to low levels (below 30%). 


Ttg J5,3-inethylenebl3 (4*hydi>oxycoumapin) 



Fu!. 1. — Varintions in rcspons^c to me. mcthyloncl)ij<( 4 -hy<!roxyrotimnrin> 


AH invc'stigators are agreed that the coagulation defect occasionally 
seen in obstructive jaundice is a manifestation of an inadequate pro- 
thrombin content of the blood. The variable effect of dicouinarin iifKin 
coagulation and the differences whicii often exist fietwcen the wagtifa- 
tion defect after administration of this drug and in obstructive jaundav 
suggest the possibility that dicoumarin prolongs coagulation not oiib 
through a reduction in the prothrombin, but through other a" y»u 
undetermined effects. Though parenteral administration of vitamin K 
will restore the prothrombin to normal level in ob-trnctive jainntice. 
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it has no effect upon the reduced prothrombin brought about by 

dicoumarin. -it 

It is well established that prothrombin is formed in the liver and 
that the blood prothrombin falls when widespread liver disease is 
present or when the supply of vitamin K or its precursors is reduced. 
The fact that the lowered* blood prothrombin following dicoumarin is 
not elevated by parenteral administration of vitamin K indicates that 
this vitamin is not directly implicated in the prothrombin deficiency. 
The remaining assumption, therefore, has been tentatively held, 
namely, that dicoumarin interferes with the elaboration by the liver 
of normal prothrombin. It should be emphasized, however, that there 
is no collateral e^4dence by various function tests that the dicoumarin 
affects liver function.* 

Our experiences with this drug have led us to employ it in clinical 
states in which a disturbed coagulability of the blood might be of value. 
Because of the previously described latent period after the oral adminis- 
tration of the dicoumarin, we and others” have given heparin by the 
continuous intravenous route until the dicoumarin effect became evi- 
dent. At this time a marked fall in prothrombin activity occurred. 
Heparin was then discontinued and repeated doses of the dicoumarin 
were prescribed in a manner similar to the illustrative cases of this 
communication. At the present writing we have used these drugs in 
combination in intra-arterial surgery, thrombosis or embolism of a 
large artery, pulmonary embolism, thrombophlebitis (septic and bland), 
thrombosis of the central vein of the retina, cavernous sinus thrombosis, 
thromboangiitis obliterans, phlebitis migrans and subacute bacterial 
endocarditis. 

Our clinical experiences with 3,3'-methylenebis(4-hydroxycoumarin) 
have led us to certain preliminary conclusions. The individual varia- 
tion of different patients is so great that a workable dosage schedule 
for administration cannot be definitely formulated. Many of the 
patients in whom prolongation of the coagulation time of the blood 
might prove desirable are acutely ill. If the action of the drug is to be 
effective, it should be capable of lowering the prothrombin content of 
the lilood fairly rapidly. Trials with different doses are not feasible 
in such cases. This applies to the clinical situations in which pulmon- 
ary embolism, arterial embolism or thrombosis, arteriotomies and 
certain venous thrombotic states are implicated. The variability of 
effect of dicoumarin and the inability to predict its action greatly lower 
its possible usefulness in such conditions. 

Similarly, we have occasionally produced an initial fall in prothrom- 
bin netivity to about 40% of normal but have been unable to maintain 
this level iluring the entire period. Despite daily determinations of 
the prothrombin level of the blood and the fitting of each dose of the 
diwnmarin to the preceding prothrombin determination, we have not 
ahvay.s bix'n able to maintain the lowered levels evenly. 


Suu-e this imnu^cnat submiUetl (or jniWiration S. SJi.ipiro, M. H. Rodish and 
H. A. rana>l>o\l (Pnv*. Nv. Enj., Biol, .and 52, 12. 104.3) fiavc shown that vitamin K 
«u Inntv dtxsos nn\> vom'vt Uip pmUmmibrn drfiripnry rosultinc from minima! ofFeotivo 
of «Ht'fmmrvnn in humans. 
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Several instances in V'hich vascular thrombosis occurred during the 
course of dicoumarin administration may have been due to sucli 
temporary escapes during which time the prothrombin levels rose to 
normal values for 1 or 2 days. This sequence occurred in 1 c;ise of 
postoperative pulmonary embolism in which massive thrombophlebitis 
in a lower extremity appeared about 1 week after dicoumarin adininis- 
tfation was started. In other cases, however, thrombosis or embolism 
developed while the prothrombin activity was below 50%. Recur- 
rence of venous extremity thrombosis was seen in 1 case of phlebitis 
migrans and embolic closure of the iliac artery occurred in a patient 
recovering from a recent myocardial infarction when the prothrombin 
content was 25% of normal. Another patient died suddenly probably 
from pulmonarj^ embolism when the prothrombin was 20%. These 
observations have led us to question the theoretical grounds upon whicli 
anticoagulants are used. 

We have observed postoperative bleeding in many cases when di- 
coumarin was administered either before operation or shortly thereafter. 
We have also noted a tendency to hemorrhage in any patient receiving 
dicoumarin in whom an unrelated lesion that might bleed was present. 
Examples of this include bleeding into the skin in a case of eczema, 
bleeding from the kidney in a patient with a renal calculus, bleeding 
from ulcers of the extremities in thromboangiitis obliterans, and l)ieed- 
ing into the pleural cavity following pneumothorax in a case of pul- 
monary tuberculosis. In regard to operative procedures, hemorrhage 
at the time of operation may occur only in patients who received the 
dicoumarin several days previously. If the drug is given on the day 
of operation, there is no such risk. However, in such cases secondary 
hemorrhage may occur early in the postoperative course when sutures, 
drains, or packings are disturbed. Bleeding in all these instances 
occurred when the prothrombin was less than 20% of the normal. 

The 10 cases of occlusive peripheral arterial disease were carefully 
studied for 3 months. During this period the patients were ambulatory 
and were examined every other day. Dicoumarin was administered 
whenever the prothrombin level rose above (50%. Except for slight 
improvement in an ischemic ulcer of the foot, no beneficial effect of the 
drug could be observed. There was no essential cliangc in the degra* 
of intermittent claudication or coldness of tlie extremities in any of 


these cases during this period. 

It should be stated, however, that the toxic elTccts previously 
described do not give a true picture of the degree, frequenc}' and 
severity of toxicity that one should expect from clinical use. Tims the 
bleeding in 3 cases can be ascribed to over-zealous forcing of the drtig 
in an effort to determine how much could be given. ^ Althof/gli the 
desired effect on the coagulation time aiul prothroTnI)in index hari fwn 
prmhiced earlier, drug administnition was nevertheless 

The prothrombin and magulation level at which blmling is hKel> 
to occur seems to be between 20% and 5% for the former and over 
•^5 minutes for the latter. The thrc^hohl for hemorrhage sh-uv- tn 
more closelv relatecl to the prothnmibiii c‘f)ntent than to tlie 
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tion time. The hemorrhagic tendency, once developed, is likely to 
persist until the prothrombin index rises to 30% or more and the coagu- 
lation time falls below 20 minutes. 

Four cases received repeated transfusions of fresh blood in an effort 
to elevate the circulating prothrombin and diminish the bleeding 
tendency. In none of these instances were dramatic effects observed, 
and we believe that bleeding ceased only after the dicoumarin effect 
had worn off and the prothrombin level had become elevated. In 
these cases it was apparent that transfusions served only to maintain 
the hemoglobin level' and had but little effect on the cessation of 
ijleeding. There was one death from hemorrhage despite 5 blood 
transfusions. 

Our experiences with the effect of dicQumarin in promoting the 
healing of ulcers of the extremities due to arterial insufficiency are 
restricted. In 1 case of arteriosclerotic occlusive peripheral vascular 
disease with diabetes mellitus, slow healing of a large ulcer occurred 
over a 3 month period. During this time the plasma prothrombin 
was maintained between approximately 30% to 50%. Occasional 
oozing of blood from the ulcer occurred. At the termination of treat- 
ment, the ulcer was one-half its previous size and its base was granu- 
lating well. In another case, rapid healing of a refractory arterio- 
sclerotic ulcer occurred within 2 weeks. 

Plan of Therapy. The following therapeutic plan for prolongation 
of blood coagulation with 3,3'-methylenebis(4-hydroxycoumarin) may 
be found useful in certain instances. It is our present procedure to 
administer orally as the first dose 300 mg. to a patient weighing 
130 pounds or less, or 400 mg. to oire weighing over 160 pounds. On 
the second day, an additional 200 mg. is sometimes given. The sub- 
sequent closes will depend upon the results of the coagulation and 
protiu'ombin tests. It is imperative that prothrombin tests be per- 
foianed daily. If no effect is observed by the third day, a dose of 
300 mg. may be given. If a marked effect is observed, however, further 
administrations of the drug are withheld. Repeated doses, as much 
as 300 mg. or more daily, may be required in resistant cases. In other 
instances smaller doses at less frequent intervals are all that is required. 
Such a general scheme, in which dosage is controlled by tests performed 
at daily intervals, will enable one to exercise control. 

Conclusions. 1 . The oral administration of 3,3'-methylenebis(4- 
hydroxycoumarin) produces a marked fall (after a 24 to 72 hour latent 
j)criod) in the protlirombin content and prolongation of the coagulation 
time of the blood in most cases. 

2. There is great variability in the degree of response to this drug. 
A definite fixed dosage sched\de cannot be made. Patients mu.st be 
individualized. 

3. because of the varialile response and latent period the drug has 
not always been useful in the therapy of arterial tlirombosis or eznho- 
iisin, arteriotomy or major pulmonary embolism. 

•f. ber.uise of the danger of hemorrhage, the drug has not proved 
useful during or shortly after operative procedures or in patients with 
unrelated lesions from which bleeding might occur. 
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5. Transfusions of fresh blood do not arrest the hemorrhagic tend- 
ency due to dicoumarin. 

6. Several instances have been observed in whicli embolism, throm- 
bosis or progression of existing venous thrombosis have occurred despite 
a low blood prothrombin induced by dicoumarin. 

/ . Symptomatic improvement in the 10 cases of occlusive peripheral 
vascular disease was not observed during a 3 month period wliile tlie 
prothrombin remained depressed as a result of dicoumarin adminis- 
tration. 

8. It is possible that dicoumarin affects blood coagulation not only 
by lowering the prothrombin content, but through other meclmnisms. 

9. We believe that further trial of the drug is required before its 
effects in peripheral venous thrombosis and in pulmonary infarction 
can be determined. 

10. dicoumarin should not be administered if tlie prothrombin index 
is less than 50%. 
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HEMATOPORPHYEINXJRIC NEURITIS 
Report of a Case 
lh‘ L?:\ns A. Golukk, M.D. 

AS5I.‘»TA.VT PROFESttOR OF .VErROr.*^YCHlATRY 
NEW ORLE.^NS. Ei. 

(From the Tulane University School of Medinne and the Odi«ner Clirn'^* 

Of all tlie unusual conditions involving tlic nervous sy>tern which 
nrodure a neuritis, excluding those due to the heavy inetals, v|tamin 
deficienev. trauma or infection, there is none about whicli ns Jittle i* 
known as heniatoporph\Tinuric neuritis. In this ef.ndition the neurite 
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tends to be motoT in nature, usually affecting the upper extremities, 
but often beginning in the lower extremities and ascending progres- 
sively to produce a clinical picture similar to Landry’s paralysis. In 
many cases, the paralysis ascends to the medulla. This is followed by 
death from respiratory failure. Pathologically, the nerve involvement 
is not specific and in most cases reveals only the usual degenerative 
changes in the mj^elin sheaths and axons with degeneration or loss of 
anterior horn cells. Clinically, neuritis caused from hematoporphjTia 
can be recognized because of its association with acute gastric symp- 
toms such as colic and pains radiating into the loins. However, it 
must not be confused with lead colic, which is also often associated Avith 
neuritis. Unfortunately, little is known either about the cause of 
hematoporphyria or about the manner in which it affects the nerves. 

Since the disease is often initiated by repeated acute colicky pain in 
the abdomen, it may first come to the attention of the surgeon or 
internist. However, the red or wine-colored urine may send the 
patient to the urologist, or the sensitivity of the skin to light and the 
formation of bull® after exposure to sunlighU may bring the derma- 
tologist into the picture. Muscular iveakness and paralysis with occa- 
sional mental symptoms may involve the neuropsychiatrist before the 
condition is diagnosed. It is, therefore, a disease of general interest 
to everjf medical man. Because the disease is not Avell understood, 
study of individual cases should be of considerable value in furthering 
our knowledge of the meabtolism of pigments in the human body. 

Case Report. F. U., a white male, aged 47, was first seen in consulta- 
tion with Dr. Royal T. Liles at Touro Infirmary on August 11, 1942, 
in a semiconscious, moderately delirious condition, occasional^' groan- 
ing with pain and apparently dehydrated. Muscular weakness of the 
extensors of the wrists and feet was obvious. He was apparently 
unable or unwilling to use his arms even when restlessly tossing about. 

The patient had been nerAmis since he had had generalized abdom- 
inal pains in 1932 AA’hen a papilloma Avas removed from the bladder by 
transurethral fulguration. In 1940, he had such an acute attack of 
abdominal colic and discomfort that a laparotomy AA'as done, but 
nothing Avas found except some adhesions. No information was 
obtainable as to Avhether the urine Avas discolored or Avhether there 
Avas any muscular AA'cakness on that occasion, but shortly after the 
operation there appeared a transient paralysis of the left arm AA'hich 
lasted about 5 days. The abdominal symptoms AA'ere not relicA-ed, 
and the patient continued to complain intermittently of colicky pains, 
llecently, this had become so acute that he AA'as brought to the hospital. 
For several da>^ prior to his admission he had been vomiting, espe- 
cially after eating. Bowel movements remained regular until 2 days 
after admission Avhen he began to have diarrhea, averaging 10 to 
20 stools daily. These were unformed, moderately light-colored, and 
Avatcry. Tlie patient continued to have severe abdominal pains Avjth 
delirium and progressive Aveakness of the extremities. Urinary reten- 
tton developc<l, necessitating the insertion of an indwelling aithetcr 
into the bladder. 
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TJie patient had had the usual childhood diseases, and had had 
gonorrhea 1 0 years previously. He imbibed alcoholic beverages e.vecs- 
sively, consuming approximately 1 pint a day for sei-eral years. 

The family history was significant. A sister had died of an undiag- 
nosed condition with abdominal colic and progressive neuritis at the 
age of 22. A brother had had a sei’ere illness characterized by abdom- 
inal colic and weakness from which he had gradually recovered. 

Examination of the patient upon admission revealed a blood jiressurc 
of 214/1 10, pulse 120 and temperature 99.4° F. The patient was 
lying on his back, apparently semiconscious, groaning faintly, re.stles.s 
and unable to cooperate with the examiner. All of the cranial nerves 
appeared normal except for the fundi, which showed moderate sclerosis 
of the vessels. The teeth were not discolored. Tlie tongue was .shin- 
ing and purplish red in color. JHotor weakness of both upper and lower 
extremities was obvious and w’rist drop was apparent. Sensation 
could not be tested satisfactorily. There were no other abnormal 
physical findings except for an old healed right rectal incision. 'I'liere 
were no masses in the abdomen, and tenderness in this region I'ould 
not be elicited. 

Roentgenograms of the chest on August 11, 1942, were negative. 
.A gastro-intestinal series showed hyperperistalsis with flistentioii of 
both small and large bowel loops. 

On admission, July 30, 1942, the red blood cell count was 
with 80% hemoglobin and the white blood cell count was 7900 witli 
71 % polymorphonuclear cells. Urinalysis was negative. On July 'R* 
1942, the non-protein nitrogen was 42.9 and de.\trose 100. Wns.'^cr- 
mann reaction was negati%'e. On August 7, 1 942, the white blood cell 
count had increased to 12,500 with 75% polymorphonuclear cells. 
The urine showed hyaline casts. Stools were negative for parasite.' 
and ova. On August 11, 1942, the urine was wine-colored and showed 
a positive urobilinogen of 1:2.58 and a positive test for uroporphyrin. 
Type 1. On August 12, 1942, the non-protein nitrogen had risen tf)t>i>. 
Plasma .sodium cliloride was 482 and carbon dioxide combining power 
33.4. All febrile agglutinations were negative. Blood cultures were 
ncgati^•e. 

From the day of admission on July 30, 1942, abdominal colic wa^ 
constant. On August 7, the patient had 2.5 bowel movements w'ith 
much tenesmus. The temperature was 101° F. On August f*. 
rhea was still present, but the temperature had gone down. On tin- 
day extreme weakness of the left arm and both leg.s was evident. Oii 
AugiLst 11, urinary retention developed and the patient was catheter- 
ized. A dark red wirie-colored urine was obtainwl. On .AugU't 1— 
1942, the patient began' to show bulliar symptoms, having obvioti^ 
difficulty in coughing and swallowing. lie was placed in an oxyg> n 
tent- On August 13, 1942. he became cyanotic, and there was cvid'-ii'’'’ 
of.'rbpiratory paraR-sls. He w.as placrd in a respirator, f>ut cxpsri^f 

the same day. , / j „„ 

ffiidiin?.'- n/ A complete autop<y wa.- farrormed • 

August 14. 194-' patholojric findim.'.- whn-h were a-"* 
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ciated with the condition which contributed directly to the patient’s 
death will be discussed. 

Gro,s\’t Pathology of the Brain and Syinal Cord. No evidence of throm- 
bosis was noted in the superior sagittal sinus. The dura stripped Avith 
ease from the pia arachnoid and no subdural hemorrhages were noted. 
The pia arachnoid was grayish white in appearance and in scattered 
areas over the cerebral hemispheres showed areas of thickening which 
varied in size from 1 to 5 cm. in diameter. The brain Avas remoA’'ed 
aitd sectioned. No flattening of the cerebral gyri was noted. Serial 
sections made through the 'cerebral hemisphere shoAA^ed no evidence 
of gross pathologic changes. No changes Avere noted in the cere- 
bellum except for some gelatinous degeneration of the dentate nu- 
cleus. The spinal cord Avas removed by the anterior approach and 
serial sections through this showed no evidence of gross pathologic 
clianges. The leptomeninges over the sulci of the frontal and parietal 
lobes Avere thickened and fibrosed. There Avere worm-like areas of 
depressed and narroAved con\mlutions of the cortex oA'^er the frontal 
and parietal lobes bilaterally. A slight degree of arteriosclerosis of 
the basal A^essels of the brain AA’^as present. 

' The pathologist reported the folloAving anatomic diagnoses: cardiac 
hypertrophy; pulmonary atelectasis; acute ulceratNe colitis; benign 
nephrosclerosis; chronic peritonhis; focal cortical atrophA'; leptomen- 
ingeal fibrosis; and cerebral arteriosclerosis (mild). 

Spectroscopic examination of the urine reA>^ealed the presence of 
uroporphyrin, Tj^pe 1 . 

Microscopic Findings of Brain. The leptomeninges Avere greatly 
thickened and contained large numbers of fibroblasts. Manj^ of these 
Avere filled Avith a yelloAv pigment. There Avere also numerous macro- 
jihages present in this tissue and some of these were also filled Avith the 
same pigment. A fcAv free red cells AA^ere seen in the subarachnoid 
space OA'er the medulla. There Avas a patchy loss of ganglion cells in 
the cortex. Many of the remaining cells Avere edematous. The 
ependymal lining was intact, but there AA^as a patchy subependymal 
gliosis. In the white matter there Avere patches of glial scarring and 
many Corpora, amylocca. There Avas a pronounced Monckeberg’s scler- 
AAsis of the internal capsule and basal ganglia. The arterioles of the 
subarachnoid space over the cerebellum shoAved considerable liyaliniza- 
tion. 

.Additional microscopic diagnoses included niA’ocardial scars, acute 
cholangitis, fibrosis of leptomeninges, focal cerebral atrophy, hloncke- 
bi'rg's sclerosis of cerelwum and arteriolar hyalinization, subarachnoid 
space. 

Pathologist ,<? Comment. This is fundamentally a case of hemato- 
porjdiyriuuria, the cause of Avhich is not knoAvn. There Avas no history 
of having taken any of the drugs such as trional or veronal AA'hich, it is 
hclicvtxl, may predispose to this cxindition. As is usual in these 
cases, no significant viscHiral lesions Avere found. It is quite probable 
that the lesions in the colon AA'cre of a terminal nature aud Avere asso- 
ciated AA-ith the uremia. It does not seem likely that the mucosal 
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lesions were present at the time of the roentgenograj)liic exntniiuition 
inasmuch as they ^ye^e all of a very recent nature. However, the colon 
could have been distorted because of adhesions. 


Comment. HeraatoporphjTia is rarely seen in man. By 1 94(1 less than 
200 cases had been reported in the literature. The condition affects 
women more often than men and the initial attack usually occurs in the 
fourth or fifth decade. There may or may not be a familial history. The 
disease appears to be a metabolic disturbance intimately connected 
with hemoglobin s\Tithesis and degradation, and is usually associated 
with the excessi\*e excretion of porphyrin by tiie urine (porphyrinuria). 
Porphyrinuria is often so great that tlie abnormal wine color of the 
urine leads to its diagnosis. 

First recognized by Gunther in 1911, this disease was later classified 
by him into three types: (1) congenital liematoporphyria;^ (2) acute 
idiopathic hematoporphyria;^ and (3) acute toxic Ijcmatoporpliyria 
(due to lead, veronal, sulfonal and other barbiturates).- Up to 1940 
less than 30 cases of the first type had been reported, 40 of the second 
type and about 100 of the third. In liealtli, the urine, feet’s and hilc 
contain traces of a porpliyrin, but in porphyrinuria tlicre is an abnor- 
mal excretion of this substance in the urine. The feces may contain 
porpluTin (coproporphyrin) and the intestine may also ho the site of 
degradation products of hemoglobin, protoporp})yrin and dcutero- 
porphyrin. These are all related pigment substances. 

Hematoporphyria is characterized by a fairly acute onset of severe, 
crampliko, abdominal pain which may radiate down to the thiglis and 
flanks or even up to the chest. Nervousness, exhaustion, emotional 
instability or insomnia may precede the initial attack by weeks or even 
months. Nausea and vomiting may he associated with the ahdorninal 
pain. Although these patients usually do complain of constipation, 
this is not necessarily true. Con\’uJsions and states of delirium ma^ 


develop during the attack. There may be weakness of the extremitn^ 
of a motor type which may ascend to involve tlie medulla, ami tin^ 
may be associated witJi d\’spliagia and raspirntor\' parab'sis. ^ As n 
general rule, as the symptoms rapidly increase in severity, tlie vi^trral 
pains and distention often lead to a mistaken diagnosis and suhsc'fpient 
laparotomy. An increase in pulse rate, mild fever, moderate leub>- 
c^^-tosis, urinary retention, toxic delirium, excitement or hnllneinatjonj 
may confuse the picture. The patient may (*c)mplairi of amtimn*’! 
pains and paresthesias in the extremities, associate’ll with weakne.'^ o. 
the distal extensors. Ueduc-efI or absent tendon jerks ma>' dis<*Io'<’ a 
progressive multiple neuritis. 'J'he proximal or jHTij)ht‘nil mU'n' 
groups may l)e affec’tefl. and ofijeetiv'e sensory changes may or 
not be found. Of particular interest are those c-ases that "hnw an 
acute ascending form of paralysis which finally j)n)chi(f> bulhrjr 
paralysis usually with a fatal outcome.* Ai)proxirnrtte!y 
naticuts suecumi) to the first acute attack. 

Uoentxrcnogniins usuallv reveal dilatation r)f .-orne part o, the 
tinal tract, cjlei, at the iarpe The ..rim- ,I,ara. t.T,-t.^l(; 

hmwni?h-rcd or hiirgttnffy wifio tri <-oIor and roriWin^ Inrjri’ afn-.if.. 
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of porphyrin recognized by spectroscopic examination. Spinal fluid 
has been found normal in several cases, though pathologically it is 
not characteristic. 

Acute degenerative lesions may be found in the peripheral nervp 
and in the spinal cord. The ventral horns may show swelling, eccentric 
nuclei or complete disappearance. The nerves and spinal roots may 
show disintegrated axons and myelin sheath degeneration. In general, 
the pathologic changes are of a parenchymatous toxidegenerative type. 

The kind assistance of Dr. Page Newbill in preparing the pathologic report and of 
Dr, Arthur Davidson. in abstracting some of the literature is gratefully acknowledged. 
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CARBON DIOXIDE BY INHALATION AS AN EXPECTORANT 

By Andrew L'. Banyai, M.D. 

ANP 

Anthony V. Cadden, M.D. 

MILWAUKEE, W'lS. 

(From the Muirdalc Sanatorium, Wauwatosa, Wis., and from the Department of 
Medicine, Marquette University Medical School) 

In 1905 Haldane and Priestly*- first demonstrated that the carbon 
dioxide of the blood normally controls respiration. Shortly thereafter 
Henderson''' expounded the role of carbon dioxide as a respiratory 
stimulant. In a large series of subsequent publications Henderson'^ 
advocated the therapeutic application of carbon dioxide by inhalation 
after anesthesia and surgical operations, in the treatment of carbon 
monoxide poisoning, whooping cough, asphyxia of the newborn, resu.s- 
citation from drowning, severe electric shock, morphine poisoning, and 
failure of the respiration from various other causes. Henderson recom- 
uiendcd the inhalation of carbon dioxide for the purpose of controlling 
the respiration during anesthesia and for the prevention of the depres- 
sion of the respiratory center in deep anesthesia. He attributed the 
developnient of postoperative atelectasis to the lowered tonvis of the 
respiratory muscles of the thorax, particularly the diaphragm, caused 
by the anesthesia and by the postoperative depression of vitality. 
I he diminished tonus of the respiratory muscles leads to an incomplete 
expansion of the thoracic cavity during inspiration. Thus the lungs 
are underinflated and bronchi or bronchioles become easily obstructed 
by accumulated mucus. Subsequent to such occlusion the air is gradu- 
ally absorbed from the occluded area that, consequently, becomes 
atelectatic. This area represents a predilcctional ])lace for the develop- 
tnent of postoi)erative pneumonia. Inhalation of carbon dioxide is 
♦•apable of jiroducing an increased tonus in the respiratory muscles and 
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thus of reestablishing the normal inflation of the lungs; consequently 
it acts as a powerful preventative against postoperative atelectasis and 
pneumonia/ Excellent results were noted by iMacKenzie-^ with the 
use of carbon dioxide for deetherization and for the prevention ancf 
treatment of postoperative atelectasis and pneumonia in 5000 cases. 
Scott and Cutler-*^ recommended the inhalation of carbon dioxide in 
all patients operated on under general anesthesia and advised the 
administration of 30% carbon dioxide and 70% oxygen in addition to 
the air breathed for periods of about 1 minute at a time, interspersed 
with rest periods of about 2 minutes, at the end of the operation. 
Henderson and Haggard^® attributed the beneficial effect of carbon 
dioxide inhalation in carbon monoxide poisoning to the stimulation of 
the respiratory center that is followed by vigorous respirations which 
serve the rapid elimination of the carbon monoxide from the .‘jy.stcin. 
Its use for resuscitation of the newborn was reconiinended on the hasi'^ 
that carbon dioxide is quite as effective a stimulant of the re.spiratir)n 
in the non-breathing or poorly breathing infant as it is in carbon 
monoxide poisoning. Similarh’ intense depression of the ncurfH 
respiratory system in morphine poisoning can be counteracted elTcc- 
tively by the stimulating effect of carbon dioxide. Hunter and Mudd*' 
and Robinson and Selesnick*’" found that patients with alcoliolie coma 
can be rapidly revived. Also Henderson*^ suggested carbon dioxide 
inhalations for the treatment of cyanide poisoning, particularly if the 
poison has been absorbed through the lungs. Hurst*^ and Cninpheil 
and Poulton' reported favorable results from carbon dioxide inlialations 
in bronchial asthma. CluirchilP used the Henderson inhaler for the 
administration of carbon dioxide for aiding the reexpansion of the lung 
in patients who were operated on for empyema. He found that thi'i 
method was superior to l>lowing or breathing exercise. Striking result.^ 
were observed by this procerlure by Alison' in the treatment of acute 
bronchitis. He administered a mixture of carbon dioxide and oxygen 


in a tent for 15 minutes every hour. . 

The various physiologic responses to the inhalation of carbon d/oxidc 
have been extensively studierl. Prinzmetar'*^ found that the inhalation 
of 10% carbon dioxide in dog.s rendered the intrapleural pn's^ure more 

negative: from —4.5 to —S, and simultaneously inereased the in>pini* 

tory chest circumference. By the inhalations of f'f)ncentrations hitrher 
than 10% the intrapleural pressure not only beaimes more negatn** 
on inspiration but also much more positive r)n expiration. (»rucm‘iHTs: 
and Viethen" reermlcYl their observations in children from 
to 14 years of age: tlie effect of the inhalation of I % nirbori 
began in 0 minutes and n>nsistcd of an huTease in the resjiirator,* 
volume by 33 to 50 %; 2 % <*:irbon dh>xide ])epui to not in tia* tmru 
minute, and 3 % carbon dioxide in theseamd mi/nue; by tin* inhahita>-| 
of 4% c*arbou dioxide iu>t only tin* r(*spiratnry volume wa> iften-v'* 
to 1W% but abo the n-^piratory rate. ( V)/K*»*nt rations^ of 


to 1W% but abo the n*^piratory rate. ( V)/K*»*nt rations^ of 
dioxide from 5 1« inrf itiercn-.’<l the r.->pirat..ry voIhiim-k. l.'/Ot- 5'*' • 
Thev notefi th:it the rf>piniti<>i!- n-fiinir<| to th.- pn-tniifoetit r.-..' 
•indVoliime in 2 niimit.-. after tlie inl,.'datir.n^ v/.-n- ■ 
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also that if higher concentrations were given with brief intermissions 
the respiratory center became more sensitive to lower concentrations 
of carbon dioxide. Similar observations were made by Hitzenberger.*^ 
The observations of Heller and his associates^® are of significance from 
the standpoint of the practical application of this method of treatment. 
They used 5 and 7 % carbon dioxide in air and found that in young 
healthy adults the respiratory minute volume was increased from 
10 to 15 liters to 40 liters by 5% carbon dioxide and to 62 liters by 
7% carbon dioxide. The response was variable in different subjects: 
although the respiratory stimulation was usually Augorous, there were 
some persons who showed only slight response in minute volume 
increase to 5 and even to 7 % carbon dioxide. Also, there was a fair 
amount of variation in the same person on different days. Brown® 
observed that in healthy man the maximum stimulation of the res- 
piratory center can be attained by the inhalation of 10.4% carbon 
dioxide. 

Inhalation of carbon dioxide affects the bronchial tract directly and 
indirectly. Passive motion of the bronchial branches was observed 
by Macklin®^ following the instillation of iodized oil. Gordonoff^” 
studied kjonograms of the bronchographed lung. He found that the 
motion of the bronchi is synchronous with that of the ribs and the 
diaphragm. Castex and his associates® recently described active move- 
ments of the bronchi during consecutive phases of the respiratory 
cycle that were visualized with the aid of bronchocinematography. 
These active movements consist of changes in the length and caliber 
of the bronchi, peristalsis, undulation and torsion. The normal bronchi 
arc elongated and dilated during inspiration and shortened and nar- 
rowed during expiration. Brunn and Brill® and BrowiP observed the 
effect of carbon dioxide inhalation upon the bronchial tract during 
bronchoscopy. They report that the administration of carbon dioxide 
produced: (1) an increase in the rate and depth of respirations; (2) 
violent movements in the tracheobronchial tree and alterations in the 
shape of the lumina of its branches, thereby tending to free adherent 
mucus; (.3) blanching of the raucous membrane of the trachea and 
bronchi. 

^ye began the clinical use of carbon dioxide inhalations in tuberculous 
patients in 1930 and reported some of our observations in previous 
publications.® We were prompted by the favorable experience of 
others in various pulmonary diseases and by the difficulties often 
encomUcred in tlie management of cough in tuberculous patients. 
Tlicrc arc a great many eases of chronic pulmonary tuberculosis in 
which the well known expectorants fail to bring relief. The reasons 
for this arc several: (1) the inflammatory exudate accumulating in 
the bronchial tubes may be too viscid and tenacious; (2) a dense muco- 
purulent plug may obstruct tlic way of free drainage from the bronchi; 
(3) the. lung may be in a stage of subventilation. It has been pointed 
out by several investigators that without adequate inflation of the 
lung no adequate expectoration is po.^^ible: the air compressed by the 
dia]ihragm a)\d the ehe.'Jt muscle.'^ rejwesent.^ the only agency tliat 
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actually expels inflammatory products from the bronchi at the moment 
when the previously tightly closed epiglottis suddenly opens. Suh^ 
ventilation with its consequent predilection to insufficient cough may 
be brought about by various factors such as reflex spasm of the thoracic 
muscles due to pleural pain, general debility, and diminished irritability 
of the respiratory center to normal stimuli. Furthermore, obstnictioi) 
of branches of the bronchial tract may prevent the access of air to 
sections of the lung distal to the point of obstruction, thus rendering 
impossible the elimination of inflammatory exudate by coughing from 
this part of the lung. During the course of pulmonary tuberculosis 
such bronchial obstruction may be caused not only by a thick, viscid* 
mucopurulent plug, but also by inflammatory edema and swelling of 
the mucous membrane, bronchospasm, overgrowth of granulation 
tissue, kinking, deformity or collapse of the bronchus due to ulcer 
formation or bronchiectasis, and by fibrous bronchostenosis that may 
become easily occluded by even small amounts of mucus. 

The use of opiates is universal for the treatment of cough during 
the protracted course of pulmonary tuberculosis. Their merit in con- 
trolling certain tj'pes of cough has been firmly established. Still, one 
should keep in mind that by their use the normal peristaltic move- 
ments of the bronchi and the full action of the ciliary epithelium are 
decreased or abolished. Such effect of the opiates in case of acciumiln- 
tion of mucopurulent tuberculous exudate in the bronchial tract would 
actually create a vicious circle by impeding broncliial drainage. To 
avoid such paradoxical situation it is advisable to use narcotics dis- 
criminatingly in the management of cough. Indeed, the rational treat- 
ment of cough sliould be directed against its cause; and if its cause lies 
in the presence of abnormal mnounts of mucopus in the bronchi, the 
adequate evacuation and cleansing of the bronchial tract should he 
the primary objective. Only when this is acairnplislied should one 
resort to narcotics as adjuncts. 


Method. The apparatus used in our work consists of a tank, containmc 
a mixture of carbon dioxide and OOSr oxygen, mountwl on a small plat- 
form on casters that makes it possible to give tlie inhalations to Ik^^I i)atirn(’‘. 
An ox’X'metcr regulates the flow of gas per minute. Origirmlly we u-cti ay 
ordinary' mask used for general anestiiesia; more recently the Ji.I/.B. mask 
being used. The inhaler is connected to the tank by a rublier tubing. A nu»t>^r 
bag which serv'es as a small reservoir is attached to the inhaler. In 
patients it was found exiKxlient to pve the inhalations throtigh a plas« ttU''* 
instead of the mask: cither because they were reluctant to accej)t the 
or the respirator}' stimulation was to^) strong from clo-od inh.alation of 
mixture. It i- fully rcalizcrl that, when inhalation- are ndrninistcrefi tnrouzn 
a gla*^^' tube held in the patient’s mouth, the admixture of air and dilution 
carbon dioxide take place; but re-ults bv thi> sf>-crilhd op'-n m^thrsl are ouU^ 

* * - ' . . - ... — Tiarice»'i;y 
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rule, the meter is set to 4 to 5 liters per minute for closed inhalations and to 
5 to 7 liters per minute for the open method. The length of each treatment 
varies from 5 to 15 minutes; and the inhalations are administered once, twice, 
or three times a day. It is necessary to observe the patient closely during the 
first treatment. His respiratory response and subjective reactions determine 
the conduct of further treatments. Since a self-experiment on one of us 
(A.L.B.) by the closed method, we fully appreciate the sensation experienced 
l)y the patient when marked inspiratory expansions of the chest are induced 
Iry carbon dioxide. They are conscious of breathing deeper and subsequent 
to the treatment they describe their experience in such terms as “the chest 
feels clear and cool” and “the chest feels so much lighter.” If it is noted that 
the respirations become too strenuous, the inhalations should be given with 
brief (1 minute) interruptions. In rare instances, when the closed method is 
used, it may be necessary to reduce the flow to less than 4 liters per minute. 
Most patients appear quite comfortable, as if in euphoria. The latter can be 
explained; by the presence of 90% oxygen in the gas mixture that is bound 
to counteract anoxemia; (2) by loosening up mucopurulent bronchial plugs 
and obstructive sticky, tenacious inflammatory exudate: the access of air is 
secured to underinflated regions of the lung; (3) by increased inspirator>’^ 
expansion of the chest wall and by increased descent of the diaphragrn atelec- 
tatic areas are stretched out and become aerated. In some of our patients we 
noted some transient minor side-effects of carbon dioxide inhalations such as 
hot sensations, palpitation, weakness, frontal headache, and slight dizziness. 
None of these symptoms interfered with the treatment when proper adjust- 
ments were made in the method of administration. In the beginning, the 
treatments are given daily; subsequently, the frequenej’^ of inhalations can 
Ire reduced, depending upon the relief obtained. Some patients were obliged 
to take them daily for an extended period of time, while in others the interval 
between inhalations could be increased to a week or even to 11 days. Carbon 
dio.xide is an effective therapeutic agent, and in its use utmost indi\ndualization 
is required. 

'The retention of infected exudate in the bronchial tract harbors 
serious consequences; (1) the production of atelectasis; (2) the absorp- 
tion of inflammatory products that may lead to constitutional symp- 
toms; (3) the intvacanalicular spread of the disease; (4) by its check- 
valve action may lead to the development of blocked cavities. It is 
also obvious that excessive, unproductive cough interferes with the 
general rest of the patient, and particularly with the rest of the diseased 
lung; it may handicap the approximation of cavity walls and the 
closure of cavities, and choking spells, vomiting, headache and insomnia 
ma\- he its disagreeable consequences. Furthermore, excessive cough 
may accelerate the development of emphysema, may cause dyspnea, 
cyanosis, thoracic pain, and spraying of infected material from one 
part of the lung to the other. 

In carbon dioxide by inhalation we have a most efficient expectorant 
at our dispo.sal. I\ith its aid we are able to change an cxce-ssive yet 
unproductive cough into a useful cough and thereby eliminate dangers 
inherent to the accunndation, retention, and insufficient expectoration 
of inflammatory products. According to our experience carbon dioxide 
hquelies the mucopurulent exudate in the bronchi and reduces its 
viscosity so that the sputum becomes thinner, more serous and waterv; 
furthennore. the sputum is loosened up and consequentlv it is expector- 
atcxl without strain or effort. The prompt relief obtainable by this 
treatment is be.st exprc-^sed in the comments of patients: “the cough 
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is not so dry, it is loose,’’ ‘‘the cough does not jar me any more/* 
“the cough is less, and not tight as before/’ “I do not have to exert 
myself when coughing,” “I have no more dry spells of coughing,” etc. 

We have noted that following inhalations the amount of expectorated 
sputum is greater than before treatment, and also that adcrfimte 
evacuation of the bronchi insures for the patient comparatively long 
periods of rest free of the annoying cough. Incidental by-eflects of 
the satisfactory pulmonary drainage by carbon dioxide are: relief 
from dyspnea, undisturbed sleep during night, and improvement in 
the general subjective feeling. Often patients remarked how a feeling 
of pressure and heaviness was relieved by the treatment, that following 
inhalations their chest felt freer “like a loose sponge,” and how rnncli 
easier they were able to move about. Also we have noted the 


appearance of chest noises and phar^mgeal cough irritation. 

When satisfactory evacuation of the bronchi has been aecoinpiislied. 
the amount of sputum becomes gradually less, unless further nnK*o- 
purulent accumulation takes place during the interval between treat- 
ments. It can be seen, therefore, that the frequency of inhalations and 
gas flow per minute have to be individualized and adapted to the 
changing requirements of the patient. We have found that the inhala- 
tion of carbon dioxide not only alleviates distressing cough hut al.-o 
enables one to reduce the consumption of narcotics and expectorant 
drugs. 

The recent painstaking investigations of Baseh, Ilolinger and 
Poncher^ concerning the effectiveness of carl)on dioxide aiul of the 
commonly used expectorants confirm our own clinical findings. 'Jhey 
studied the influence of ammonium chloride, potassium iodide, flnid 
extract of senega, fluid extract of ipecac, and emetine liydrocIdt>ride. 
and compared it with the effect of carbon dioxide. They found that 


carbon dioxide acts as a real expectorant by diluting the 5f)uUun — 
that is, by lowering its viscosity and reducing its solid contents. I hey 
state that in comparing the physical and chemical properties of tlie 
sputum after the use of carbon dio.xkle inhalations witlj tin* same 
properties after the administration of drugs one at once realizes the 
greater liquefaction of the sputum caused by carbon flioxide: suav 
in this treatment there is no interference with the cheruK'al jjrojKTne- 


of the sputum through the secretion of the administered drugs into it. 
the dried residue, the amount of ash and the total nitrogen nintent arr 


regularly markedly lowered.’' 

As to the selection of cases for this treatment, it js indic-Jited vda n- 
ever there is an accumulation and retention of inflammatory exufUt»" 
in the bronchial tract and its evacuation— in spite of streiniotis n»u;:n ' 
is inadequate. There are patients that should not l>e mven thi- trer»> 
ment: (1) patients with recent pulmonary liernorrhnce; (:J) thn -*- v.i? j 
inarkeil emphysema; W) when wirh'-pread pulrnonan.- fihro-j^ u 
without atelectasis, bronefnVtnds or muer^jiunilent retentmn us 
air-na<^ages; (4) oa'=«*s of acute plastio ph-nrl^y and ji.-un-y 
cfrusion;'(5) hn>^TtemMve patient.s and UV) wh-n fh- rv.tj- ot fus..- 
is outside of the lurur'. 
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Conclusions. From our experience with this method of treatment 
during the past twelve years we have arrived at the following con- 
clusions; 

1. Carbon dioxide by inhalation is a most efficient expectorant. 

2. When a mixture of 10% carbon dioxide and 90% oxygen is 
administered by the closed method, through a B.L.B. mask, or by 
the open method, through a glass tube, it is tolerated by the patients 
well. Occasional minor by-effects do not interfere with the treatment. 

3. The amount of gas mixture given and the frequency of treatments 
should be adapted to the individual case. 

4. The relief obtained by the inhalations of carbon dioxide is noticed 
subjectively and objectively; (a) spells of strenuous, exliausting cough- 
ing are prevented and thereby rest is secured for the patients and 
particularly for the lungs; {h) an unproductive cough is transformed 
into a useful one; (c) directly after inhalation the amount of expec- 
torated sputum is increased and its character changes from a heavy, 
thick and tenacious type into a thinner, serous and more watery kind; 
(rf) the use of expectorant drugs and narcotics can be reduced. 

5. The effectiveness of carbon dioxide is attributable mainly to the 
following factors; (a) it is a powerful respiratory stimulant and induces 
increased inspiratory movements of the thorax that, in turn, cause a 
stretching and dilatation of the bronchial tubes; (6) it stimulates the 
myo-elastic structures of the lung and leads to a forceful peristaltic 
movement of the bronchi; (c) it liquefies mucopurulent inflammatory 
exudate that stagnates in the bronchial tract. 
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value of a laboratory test often depends on its variability nial 
stability under different conditions. Thus ^vith the I\Iazzini floccula- 
tion test for syphilis as well as with other tests for syphilis, there U 
a minimum and maximum degree of sensitivity of its antigen according 
to its age. 

When properly prepared and used, this antigen gives reliable result^ 
comparable to many of the established, more coinj)licate(l and more 
difficult tests which have stood the test of time. 

In the 1941 Original ?sIethods Survey of tests for Sypliilis conduct 
by the U. S. Public Health Service,- the 2^Iazzini test was found to 
have a specificity of 99.6 in normal and non-syjihilitic bloods and a 
specificity of 95.S in all bloods including leprosy and malaria. The 
sensitivity was found to be 78.6 in all .syphilitic bloods, including early, 
treated and latent cases. 

The Mazzini Test.^ The ^ilazzini antigen is preiiannl by the nlctdio! 
and ether extraction of beef heart jiowder anrl powdered egg yolk. 
The acetone insoluble lipoids arc added, and the antigen is cholc>- 
terinized on the basis of a previous titration. '^I'o prepare tin* final 
suspension, 0.4 cc. of the cholesterinized antigen is addc'fl to cc. of 
normal saline solution buffered at a pll of 6.3 to 6.4. The su<[)cn-!on 
is shaken for 10 seconds and then allowed to stand at room temperaturr 
for 3 to 4 hours at which time it reache's its maximum .'Sensitivity. 
For emergencies Mazzini recommends that the antigen be ripciu'^l in 
a refrigerator at 6° to C. for 15 minutes. 

The suspension is drawn into a 5 cc. syringe fitt(‘d with a 2«>-gauc»' 
needle. To 0.05 cc. of serum on a slide, 1 droj) of antigen is addc<l frrun 
the s\Tinge. The .slide is rotated for 4 minut(^'^ and the result." ar»' 
read under low-power magnific:ition. Kitlier paraffin or scaliru: wat 
rings may be use<l on the slides. 

Mazzini attribute's the .sj)ecificity and iiuTeas#*!! .H*ri>itivity of ho 
test to the use of egi: yolk, the Iipoid-<-holesterin ratio, the r^-rurn- 
antigen ratio, and the ctincrntration of the hydrog^ui ion in the fir;-'. 


susjK'nsion. 

Experimental Material. —HccauM 
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For thjs purpose we employed 4 types of antigen suspensions: (1) suspen- 
sions which had stood 4 hours at room temperature; (2) suspensions which had 
been refrigerated 6° to 8° C. for 15 minutes; (3) suspensions which had been 
refrigerated for 15 minutes at 6° to 8° C. followed by 1 hour at room tempera- 
ture; and (4) suspensions which had stood from 27 to 28 hours at room tem- 
perature. These antigens were tested against unknown sera and known 
syphilitic sera from patients in various stages of infection. 

One series was done during the winter at room temperature of approxi- 
matelj'' 73° F. and another during the summer with the temperature in the 
serology laboratory ranging from 80° to 94° F. 

Winicr Series. When the specificity of the 4 types of antigen sus- 
pension was compared, it wms found that out of 340 sera negative 
with the 4 hour antigen only one showed a doubtful reaction, wdiich 
was with the 27 to 28 hour antigen. This was not of statistical sig- 
nificance. 

When the .sensitivity of these 4 types of antigen suspensions was 
compared it was found that 103 sera showed reactions with the 4 hour 
antigen, 94 reacted with the 27 to 28 hour antigen, 74 reacted wdth the 
1.5 minute refrigerated antigen, and 85 reacted wdth the antigen which 
had been refrigerated for 1 5 minutes and then allowed to stand 1 hour 
at room temperature. This is graphically illustrated in Figure 1. 



• • w vr W 

Fi.i. 1.— Compurison of nntimis and numljcr of rcncfions— < t i 

determine whether 

1 nnl of?hb significant when based upon a 

sampli of thi> M/,e. I in' formula for tlie .‘Standard error of the difTerence 

betwtx'n two percentage's * ,vas employed. 

• e of of non.vrurn-nc-o: n nund>or in the ..amph-. 
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AA'hen tl^e 27 to 28 hour antigen suspension, which failed to react 
9 times (8./ %) was compared with the antigen suspension refrigerated 
for 15 minutes, which failed to react 29 times (28.9 the standard 
error of the difference was 5..39 and the difference was more than 
3 times the standard error. Since, when the difference is 3 times the 
standard error, data are considered statistically significant, it could Ix' 
concluded that the sample was large enough to establish the superiority 
of the 27 to 28 hour antigen over the antigen refrigerated for 1 5 minutt’S. 

The 9 sera which failed to react with the 27 to 28 liour antigen sus- 
pension showed negative standard and presumptive Kahn reactions, 
and none of them gave more than a doubtful reaction with the 4 hour 
antigen. One serum which showed positive Kahn Standard and Pre- 
sumptive tests and a doubtful jMazzini failed to react with the 15 minute 
refrigerated antigen. 



Fk;. 2.*~Comi>an’*«>n ariitc:f*n« and numU-r of n‘arfinn«!-'!‘umm<*f .F ^ **' 

anlic^'n: /?. 27~2S hour nntisr--'n; C, anticui rtdricrrntiH! la minute* ^ 

Tifom trmr^mttur; /J, nnt icon refricf'rnf^J Ja rriinuO-^. 


When the 27 tf) 28 hour antigen >u<j)en^ion and tin* antii!»‘n r*:*- 
pension ripened for 15 minutes in tlie refrigeratrjr plu^ I hnur at 
ternpcniture which failed to rtnu/t IS tiring (17-57). v.err n»:nF Tt*.- 
the standard error the difrerenn* wa^ 4.S. and the number ot stand.^’O* 
errors c'ontained in the rJifFerenfv wa-^ than 2- 7 feTe^<ri% J/ ' 

sample wa^ not large enough to r-tabli-h the stip^-riority o! tla* 2* 

2> hour antigen over theantig^'n ref r i gent ter 1 fr>r 15 f>hi* 1 1 

at mom teinpxrature. ^ 

When the 27 to 2^ le*ur antig'Ui ^ f 

A hour anti"fn th<' >trin-i.-’.rr! , rnc -f th.- .iirl.-.'rn..- v..v ! '' ' 

nmnlH'r o: .■‘tan-Iani rrr..r- (n t!u- .h'tr* rrr:M- u 


- * thar: -7. 


Tr -f' 
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fore, the conclusion could be drawn that the 4 hour antigen suspension 
was the most sensitive. 

Summer Series. The same 4 types of antigen suspensions used in 
the winter were tested during the summer at room temperatures. 

When the specificity of these antigens was compared, it was found 
that out of 1,33 sera reacting negatively mth the 4 hour antigen sus- 
pension only 1 showed a doubtful reaction and that was with the 
27 to 28 hour antigen suspension. 

When the sensitivity of the 4 types of antigen suspensions was 
compared in the summer series it was found that 150 sera showed 
reactions with the 4 hour antigen suspension, 144 reacted with the 
27 to 28 hour antigen suspension, 140 reacted with the antigen sus- 
pension refrigerated for 15 minutes and then allowed to stand 1 hour 
at room temperature, and 129 reacted with the antigen suspension 
refrigerated for 15 minutes. This is graphically illustrated in Figure 2. 

When the sensitivity of the 27 to 28 hour antigen suspensions which 
failed to react 6 times (4%) were compared with the 15 minute refrig- 
erated antigen suspension which failed to react 21 times (14%), the 
standard error of the difference was 3.25, and the difference in the 
two percentages Avas three times the standard error. Therefore, it 
could be concluded that the 28 hour antigen demonstrates statistically 
its greater sensitivity. 

When the 27 to 28 hour antigen suspension and the antigen sus- 
pension refrigerated for 15 minutes plus 1 hour at room temperature 
which failed to react 10 times (6.7%) were compared, the standard 
error was 2.6. The difference was not 3 times the standard error; 
therefore, tlie difference in sensitivity is not statistically significant. 

When the 27 to 28 hour and the 4 hour antigen suspensions were 
compared the standard error was 1.6. The difference Avas not 3 times 
the standard error, so that, although the indication Avas that the 
t liour antigen suspension Avas more sensitive yet statistically the dif- 
ference is not quite significant. In a larger series this could probably 
he proved. 

None of the sera failing to react Avith the other 3 antigen suspensions 
slioAved more than a doubtful reaction Avith the 4 hour antigen sus- 
l)ension. 

Summary. After statistical analysis of the results, the folloAving 
conclusions Averc draAvn ; 

1. hlazzini antigen for routine use should he ripened 3 to 4 hours 
at room teinpcraturo. 

2. Maz'/.ini antigen AA'hich has stood at room teinjwrature for 28 
hours in the Avinter or even in summer heat up to 94° is more sensi- 
tive few emergeney use tlian that ripened in the refrigerator for 15 
minutes. 




.Ackumvloacinout is crntofuily nwxip to Mr. L. Y. Mazzitii for his advice .and to 
. U. t awtlnirnc. of Miami University, for Ids statistical analyses. 
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FURTHER EXPERIENCE WITH FURFURYL-TRIMETHYL-AMJIO- 
NIUM IODIDE (FURMETHIDE) IN THE TREATMENT OF 
URINARY RETENTION DUE TO BLADDER ATONY* 

By Samuel H. Beaser, M.D. 

Joseph H. Liptox, M.D, 


IM.yrk D. Alt.schule, M.D. 


BOSTON, MASS. 


(From the Medical Kosenreh Laborntories and the Medical and Urolnpir 

Beth Israel Hospital, and the Department of Medicine, Harvard Medical SchrK>h 

Some months ago, the treatment ^vith furfuryl-triinothyl-aimuouiutn 
iodide (Furmethide) of urinary retention due to bladder atony follow* 
ing surgery on the rectum \vas described,* It ^Yas (*onclu(le(! that thi^ 
substance, a parasympatliomiinetic drug Avith strong action on tla* 
bladder, had certain advantages over such otlier drugs as inocholyl 
and doryl. Since tliat time, additional similar cases as ^vell as instaiuv.^ 
of bladder atony due to a variety of other causes liave been studied 
and treated under the described anrl modified regimes. The result^ 
have been striking enougli to warrant publication of the data aceunui* 
lated tlius far. It was felt tliat these observations might be pertinent 
to the treatment of certain types of war casualties. 

Material and Methods. Thirty^one patients have been studic*^!. 
purposes of discussion they have been divided into groups a> follow*: 
Grouj) I. Patients who had operations at a distamt* from the hladder; 
(iroup II A. Patients who had operations with mild or inrMltratr 
trauma to the bladder or its nerves: Ciroup II B. Patient^ wh(» hnd 
operations with S(‘vere trauma to the urinary blad^Ier or its n»Tvi-: 
(Iroup III. Patients with f!i<ease f>f the eentral nervoiw sy>ttin. 

In every c‘;tse the volume of residual urine was mcnsnn‘d inuned:' 
ately before the administration of the first do-e of Fnnnetlnd^* r.n<i 
thereafter as indicated. ( Vstomctric studi(*s were filM» made. A ntirnh^'r 
of the patients had previmisly rcceive<l mecludyl or doryl in nn*ta 
fu! attempts to n^store bladder function. 

Observations, (inntjf /. fVnmn; rctmtian in S Jo-V/e-'o-; 

npt'Tfitifnu^ nnt ivTf^irhig tkr ririnitj/ of thr nrnutnj htnddrr: '1 
after tliyroidectnniy. 2 patient'' after bernif>rrhapby. 1 patient 
after cbtdccyst(‘<'torny, drainage fjf an ab*e!*s- of the ehe-t wall. ■xrt' 
ectomy and (v<'<»>lniny. Six (Tr/'J ) of the patient'^ b< '*ati * 

normally after I or 2 of I’tinnethide ‘<nb<*iitaner)ndy. 1 ' 

<rul not void did -went, salivate arid ot laerimat** and harl 
inten-ifinition of the d»*>in‘ to void. , 

Group 11 A. rrlnuri; rrtrv.tinn in U j'Ahnnr- yr ^ 

ruArraU trnunn to (h^ h\i Mrr or it/ 2 affrr nAr.rr,. 

• Tii'A ^ 1* ^ ^ ^ K' " A 
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2 after hysterectomy, 2 after colporrhaphy, 1 after fracture of the 
pelvis, 1 after operation on a hernia which contained the bladder, and 
1 after operation on an appendiceal abscess which extended into the 
pelvis. Seven patients .(78%) responded favorably. 

Case Studies. Case 57865 illustrates the course in a successfully treated 
case. B.W., a 28 year old woman, was operated on for appendiceal abscess 
extending deep into the pelvis. A drain was left in place after operation. The 
patient could not void and required catheterization for the first 5 days after 
operation. Turmethide was then started in doses of 4 or 5 mg. given sub- 
cutaneously (Fig. 1). Voiding began after the second injection, with volumes 
of residual urine of 150 to 900 cc. initially. The next day, however, the volume 
of residual urine was less than 1 ounce. After 10 days of subcutaneous and 
oral administration of Furmethide, the patient was able to void without 
medication; there was only a small volume of residual urine. 

DAYS POSTOPERATIVE 



Fig. 1. — Cnsc No. 57S05. Appendiceal abscess. 


C.ase 5895S illustrates the coui-se in an unsuccessfully treated instance and 
demonstrates the cause of failure in this case. R.T., a 52 year old woman with 
a history of diabetes, was operated on for rectocele and cerwcal erosion. She 
could not void after operation and required catheterization. The administra- 
tion of dorj'l had no effect on bladder function. Cystometric studies on the 
tUh postoperative day revealed an atonic bladder*. The administration of 
.'1.5 mg. of Funnethide subcutaneously while the catheter was in place caused 
prompt coiitraction of the bladder. During the next 4 days, liowever, the 
drug in doses of 5 to 10 mg. given subcutancouslv resulted'in’ no voiding or 
only slight emptying of the bladder, in spite of the pre-sence of other ewdences 
of the action of Ininncthide, such as sweating and salivation. Cvstoscopv on 
tlie 1,1th postopenVive day revealed marked bullous edema of the vesical 
tl^' iT 1 1 " '''^'’■‘'’dcred to be acting mechanically to jwovent emptving of 


(iraup U B. rriiumi rrtentum ii, 0 pnfirnh foUawing .srrrrr irawna 
io thr hhvhitr: after abdomino-perineal resections for carcinoma of the 
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rectum. All of the fi patients (including 3 previously reportetl^) 
sponded favorably. It is to be noted that none of the (> patients 
responded favorably to the administration of Funnethide until after 
the pack was removed from the space formerly occupied by the rectum. 



Case (V5130 (V\^, 2) illvistratcs the regime nt>\v in n>o in th(‘^<‘ 

C’.C.t a year old man, was unable to void after operation and wa^ 
on constant drainage; his bladder was found to be irifectc^l. Con.^tnnt draianr*' 
was di -icon tinned on the 1 7th jK)sto;>erativ(» da\% but tin* patient wa^ 
unable to void normally. Two days later lie was piven dor}*l, followinr: v.hj'‘5 
he voide<l 300 cc., leaving 3rK) cc, of residua! nrine. The next flay the volm: '* 
of residual was the same, after the voidim: of 1(X) cc. following adruini'‘trat;''" 
of dorx‘1. Furmethide was starte<l on tlic 22<! j> 0 '<tojK'mtiv(* flay; the 
wa« pven 3 nic. subrutaneoiislv at 8 hour intervals and 20 rnj:. orally. Sh'irht 
discomffirt due to spasm of the bladder wa*' nfUed on the first fhy, but r/ * 
then:*:ifter; uKKierate j>erspiration was the only iwTsi^tent cfirnplairO, 11/ 
volume of rrs-idtial urine d<‘cre:ised rapidly. A week after the flms: v.a*' 
the patient wa< di,'charp»<i with orders to take 20 run. by iriouth at > 
and 1. b and 11 r.M. Sevtm dav> later tiie volume of rf^-idtial uriie* "a* be*' 
The dnic storjjxsl (or 10 days, after which the voltirne of rr-i luxl urv ' 
was 210 ce. The <inn: civen airain in o( I.'> rn;:. orally t a » 

at the en<l of a v.t^‘k the rr>if!iial urine m<‘a‘Ured .*0 cc. fnrr»ri*ir;:t the n ' ' 

in 2t> nvz, by tunuth 4 tirn^^ flaily a d^ cr^t’^* in tic* ren-l n! un' * 

volume to 30 ctn He required the finic At day.- after f»js rat! *”;. 


ViToxtp III. ( 'nv.nrt; rt'l^rJion tn S \r\th q* ^ 

nrrro.n.» sijAnn: two of multijile -eb rous and f»ue ecc “ 

>pina bififlrit fhabetif* iieurupatliy, byclnx-eplialu". trar;'‘Ver-e itj}* - ' 
due tf) iru'tnstntio cxirrinoma. ve-dail jjamlyd-, foHov, irtr ofer-.fe-c 
niptural fHA; witli rjvinal fudon at I/>, and firolorizre?! ^ 

followinr syTrd^''^tht*<'ti»tny fr»r b.yfH'rtendott. Seven <d the ^ ' 

favorably. 
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Case 58720 (Fig. 3) illustrates the favorable action of the drug. M.E.,^ a 
45 year old woman, was found to have multiple sclerosis 12 years before admis- 
sion to the hospital. Several months before admission for the treatment of 
uterine fibroids, urgency and frequency of urination, with the voiding of small 
volumes of urine, were noted. Supravaginal hysterectomy shortly after admis- 
sion was followed by cessation of voiding, and constant drainage was instituted. 
Two weeks later cystometric study (Fig. 3) shoAved a pressure curve char- 
acteristic of the neurogenic bladder; the administration of Furmetlnde resulted 
in a normal cystometric curve. The volume of residual urine was 120 to 260 cc. 
before Furmethide was given. Administration of the drug in doses of 20 mg. 




Fig. 3. — Case No. %5S720. sclerosis. 


3 timc.'5 daily caused a decrease in the volume of residual urine to 30 cc. 
Reduction in the dose of 12 mg. 3 times daily was not followed by an increase 
in the volume of residual urine. 

Case 57631 illustrates the unfavorable action of the dnig. D.F., a 44 year 
old man, entered complaining of diarrhea, weakness of the legs and difficulty 
in voiding, the last progressing to complete retention a month before entrv. 
Pliy.sical examination revealed absent knee, ankle and abdominal reflexes, 
atrophy of the leg muscles and poor tone to the rectal sphincter. The urine 
was full of pus. Tim spinal fluid contained 70 to 162 mg. per 100 cc. of protein 
as well as 0 to 5 lymphocytes jicr cmni. Constant drainage Avas instituted and 
sulfatluazolo given: the urinarj- infection soon subsided. Cy.stometric studie.s 
rcAo.akHl curA'cs typical of the neurogenic bladder. The cuta’cs returned to 
uorrnal after the administration of 3.5 mg. of Furmethide subcutaneoiisK'. 
desire to void occurring Avhen the bl.adder contained 75 cc. of urine. Rectal 
n • I " n berame a compl.aint. The administration of Furme- 
thide thcre.ifter caused .n reduction in the volume of residual urine, but aggra- 
vated the nniiaiy incontinence. The rectal incontinence AiAas not influenc^. 
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Discussion. Furmethide (furfuryl-triinctliyl-ainnioiiitiin iodide) ^ 
related chemically to tlie otlier parasynipatliomiinotic siihMaiuvs 
(I'ig. 4). Several studies of its action in animals and in man are avail- 
able.--* Within a few minutes after the injection .snheutaneoiisly of 
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much as 30 mg. causes only sweating and an increase in vesical tonus. 
Compared to other commonly used paras^rmpathomimetic drugs, 
Furmethide has relatively less action on the bronchi and cardio- 
vascular system than mecholyl and on the gastro-intestinal tract than 
doryl and prostigmine. Its action on the urinary tract is much stronger 
than any of those drugs. 

These pharmacologic studies in man strongly suggest that Furme- 
thide is a useful drug in the treatment of the paralyzed bladder. Its 
striking effectiveness in the patients of Groups II and III above, in 
wliom severe damage to the nerves innervating the bladder existed, 
is in harmony with this concept. It is also of interest that Furmethide 
was demonstrably effective in patients in whom doryl and mecholyl 
had previously been used unsuccessfully. The reason for its clinical 
effectiveness in the patients with bladder paralysis following opera- 
tions distant from the bladder or with little trauma to the bladder, 
i. e., Group I and some of Group II A, is difficult to determine. It is 
probable that in some of these patients, particularly those in Group I, 
normal bladder function would have returned spontaneously in one 
or a few days. Anesthesia (including spinal anesthesia), medication 
(including morphia and atropine) and abdominal pain may have been 
responsible for the urinary retention observed in these patients. The 
use of Furmethide in these instances merely served to initiate vesical 
contraction, following which the bladder resumed its normal function. 
Its action under these circumstances is useful in that it may obviate 
the need for catheterization. 

Although the cases here reported illustrate the necessity for indi- 
vidual analysis, certain general rules may be formulated for the use of 
Furmethide. Patients with acute vesical retention of unknown etiology, 
occurring during infectious diseases or in the postpartum or post- 
operative state (Group I) , are easiest to treat. Regardless of the nature 
of the factors responsible for the failure to void, if the bladder can be 
stimulated by a parasympathomimetic drug (iSIecholyl, Doryl or 
Furmethide), the proper reflex pattern may be reestablished and spon- 
taneous voiding instituted. Furmethide will accomplish this purpose 
in such instances with fewer doses and greater percentage of certainty 
if tlie bladder is not allowed to become overdistended. As soon as it is 
ascertained or suspected that such a condition exists, and it is known 
that no obstruction is present, a dose of 3 mg. of Furmethide may be 
administered subcutaneously. Partial or complete evacuation of the 
bladder should take place within 5 to 10 minutes; if this dose is inef- 
IVctivc, the dose .shouUl be increased by increments of 1 mg. until 
5 mg. is reached. If the patient docs not’ void, or if it is felt that only 
p.vrtial ON aeuation has occurred, it is to be considered that the drug 
lias^failctl to work and, accordingly, catheterization must be instituted. 

Patients who have reversible organic damage to the bladder, its 
para.sympathetic peripheral nerves or the central nervous .sy.stcm it.self. 
riHpiire a different type of regime. Inability to void completely or at all 
m the abseiu'e t)f obstruction to bladder otttllow and large volumes of 
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residual urine are characteristic of this group. C ystouietric c»hservafion 
is helpful, but actually not required, preliminary to starting therapy. 
The immediate postoperative state is no contraindication to its tt'V, 
although the reduction in efficiency of any therapeutic procedure slamlfl 
be anticipated in the first few hours postopcratively. The initial 
is 2 mg* in children and 3 mg. in adults; it should cause voiding within 
o minutes. If neither voiding nor .sweating occurs, the dose is to In- 
considered inadequate. Under such circumstances, the patient i< 
catheterized and an increased dose is given in S hours or at desire 
void, the close being successively 4, 5 and 7.5 mg. If 7.5 mg. do not 
cause voiding of any urine, however little, the drug need not he u-al 
further. If voiding occurs, the patient should be cathetrriznl for 
estimation of the volume of residual urine, and the drug given every 
S hours daily. Oral administration of the drug c'ontemporaneonsly with 
giving it subcutaneously is more effective than the latter alone. A 
10 ing. dose of Fiinnethide should be given orally 2 to 3 Inmrs after 
eacdi subcutaneous dose and should be increased by 5 n)g. each doy 
until sweating is produced in 1 to 2 liours after a given dr><e. Thi^ 
dose is then continued indefinitely. I'lie volume of resiflual urine after 
voiding following subcutaneous administration of Kurmethide th»* 
inde.x of improvement of bladder tone and accordingly it shotild he 
measured at least once daily. Iteduction of the volume of re-idnal 
urine to loss than 1 ounce usually recpiires 1 to 5 days. Omr the 
volume of residual urine is 1 ounce or less, the question of eontintiathai 
of the above regime is dependent on whether the underlying 
is cured or not. In the usual patient witii bladder atony folh»'wng 
hysterectomy, therapy is needed for less than 10 days; after ahdmnirifj- 
])erineai resection of the colon and rectum for at least 4 wei4> nrd 
stirnetirnos indefinitely; and in sneh diseases as multij)Ie 
indefinitely, or until remission occurs. In i)atie!its requiring 
administration of medication, it iuis been f(»imd jM)<sif>Ie after a tun** 


to use the drug orally only. If the t^nrnbined ty})e of treatnnuit 
htrn Used previously in a given c-ase, the effective oral do-c for ih ‘t 
individual, varying from 10 to .30 mg., is already estnbli-h»d. If ty*' 
a few (fays of c-omhincHl therapy is preferred to a (-oriijdetc irarj-:0‘'* 
from MibcmatRYUis to oral nu^licritiori. The drug, when given orrh;* • 


inny he administered 4 tinn^ a day (t\ p., S aat., K H ^’*'''1*. 

slight rise in the volume of n-sidital urine may owt'^ionaliy h'' 
pate<i incident to the change. If n-cuvrry of bladder tore' ha* t 
proo*<‘ded far enough at the time of the change to oral therapy, ut/’ 
forrahle swtiiting may he f>ri Kincf-d in sjdte of wliielj the j- 

residua! urine may ri^e over that found rlnring the of 

nuatuHUi.- adnuni-tration; reverdon to tJje latte.'- for a lonr»'r - * 
mav he It unnof^- .ary to e:rjjdei‘-i/»- that th" '*• 

do-*#-, -nbcatan*^>ir^ or ora!, vhieh vill produrt- th** r'-q'nr-d 
upm the bladder i^ U* le* noth on»'»* a given ncjrifc- t* ee,ah!:d ^ 
In tntients with w-vrr»% d^rn^ge the * 

<vntr;d rienou^ n.ntro! of tie- Idadd'-r. th^ dnrg rrm- 1- n • ^ 

nilelv. ( of tr:a;>v rn; ejtti ^ to - a-ti 
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this group, The anticipation of the necessity for indefinite use of 
large doses and the combined routes of administration, together with 
Crede manipulation of the bladder, are necessary in addition to the 
general approach outlined above. 

The only side-reactions which thus far have proved troublesome 
have been perspiration and to a lesser extent salivation and lacrima- 
tion; vomiting occurred in one instance. These side-reactions are 
annoying, but not dangerous. After subcutaneous administration of 
the drug, sweating is more likely to be annoying than after oral medica- 
tion. The body temperature may fall following profuse perspiration; 
the patient should be well covered at this time. In every patient 
studied, an amount of drug large enough to be effective, but too small 
to cause more than minimal discomfort has been found. The patients 
who experienced mild sweating consequent on taking the drug pre- 
ferred it to the constant urinary drainage or repeated catheterizations 
which discontinuing Furmethide would mean. 

• The drug may possibly be contraindicated in patients with ulcer or 
bronchial asthma; our observations permit of no conclusions in this 
regard. It does not appear to be contraindicated in the doses suggested 
in hypertensives or in patients who have arteriosclerosis but no clinical 
evidence of heart disease; it may possibly act deleteriously in patients 
with overt cardiac disease. It has no untoward effects in patients with 
thyrotoxicosis. Furmethide cannot be expected to relieve urinary 
retention due to vesicle neck obstruction caused by caruncles, enlarged 
prostates, neurogenic spasm, post-traumatic edema, or a large pack 
placed in the space formed during an abdomino-perineal resection; its 
use is contraindicated in such instances. Severe bladder infection pre- 
disposes to spasm and its occurrence requires a preliminary period of 
perhaps 10 days during which tidal or constant drainage, as well as 
chemotherapy should be employed. Patients who have incontinence 
ns well as atony of the bladder are usually made more uncomfortable 
by Furmethide. 

Summary and Conclusions. 1. Furmethide (furfuryl-trimethyl-am- 
monium iodide), a paras^mipathommietic substance with strong action 
on the bladder, has been used in the treatment of bladder atony caused 
by a variety of factors in 31 patients. 

2. Urinary reteirtion was relieved in most patients; the volume of 
residual urine in such instances was markedly reduced. 

3. Side reactions, consisting of perspiration and salivation, were 
occasionally troublesome but never dangerous with the doses used. 

4. Obstruction of the vesical neck constitutes a contraindication for 
the use of Furmethide. 
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THE RAPID REMOVAL OF EXCESS JOINT FLUID BY ACID SALTS 


Experiments with Traumatic Hydrarthrosis 
OF THE Knee Joint 


By Louis Pelxer, M.I). 

ASSIfiTANT ATTENDING PHYSICIAN, LONG ISLAND COLLEGE, GIU:ENIM)INT. AND IllUMiKUN 
CANCER hospitals; GASTROSCOPIST, BETH MOSES HOSPITAL 
BROOKLYN, N, Y. 


Lfkusions in the knee joint due to trauma are met constantly in the 
average general and industrial practice. The visible response to these 
traumata is not always an indication of their severity, as tlie synovial 
membrane may produce an enormous amount of effusion after some 
minor injury, or on the other hand very little fluid following a severe 
cartilage tear. IMost of the knee injnric^s whieli rc'snlt in more or le>< 
massive effusions consist of ligamentous sjirains without dcinonslrahle 
gross tearing or cartilage injury.^ In any individiml case, it is of 
course important to rule out l)y Roentgen ray any possibility of an 
intra-articular knee fracture. 

For the past year experiments were under way to see if it was po-^ibh* 
to reduce the amount of joint fluid iu these cases of traumatic hy- 
drarthrosis by a low salt, acid-producing diet, and by giving adequate 
dosage of anirnoniurn chloride, in a similar manner to the removal of 
other forms of obvious or occult edema fluid. Of the 7 castes to he 
described, 1 was treated by salicylates, Ace bandage conif)r(»ion and 
short-wave therapy; another patient wuld not take ammonium clih^* 
ride because it induced abdominal cramps; another hafl to he (aplH<l 
on occasions; and the others benefited in a rather marked way fnan 
the therapy to be discusse<l. This c^onsisted of a low sodinm chioride- 
acid forming diet, without rc‘striction of finids, and ammonium chlo- 
ride in daily dost‘s of ffO gr. ((> gm.), bed rc^st, and ai)i)Ii(*:ition of an in* 
cap to the involviNl knee. The last cases n\u he used as cunirols 
as they did not liave the prt^scrihed regime. Ue(*<‘ntly nl-o, it 
demonstratcfl that it was possible to incre.a^e or dcfTcriM* the jmnt 
fluid in certain eases c»f rheumatoid arthritis by giving t)u‘ jKithni 
adequate amount of bicarbonate of soda or alternatively nmrmjnima 


cliloride.^ , 

'riie pertinent anatomy of the knet- joint fTtri le* lira*»v 
siiriimarizeii. Then^ are two erueiaie ligament-' pn-ventifig forv^aro 
anti barkwiinl di^phu'crnent of the knee joint. IIf*'.vever, the mu ■fc * 
surrounding the joint, i c., the <jnadrict*p' and it- tejalon, tie* hya- 
strings and tfic ga-'trocnMjrjiu*' realK’ in'Or** -txrbility of the knn- j an?. 

n d isc '-ynovial ffuid ha^ b**en thr '.}ibj* et of mu' h r» ' y ^ 

ex^ierifnental work- ^‘ertaiiJ fs^mludon. ma^ 4lravo from 

resrarc'hf’S/ ‘ ^ , , , • st 

The svtiovul fine! ha- an r\er#dingiy e v. j?r.' 

bk>o«i -tri^ain. If glu'tr’e {- taken by month it rraaho- tfe* j * -* 

ve-^' nundtv. It h-en .honn rir/e-nfalk tl.it f.-.rtr c 
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the capillaries or through the lymphatics of the synovial mernbrane. 
Isotonic solutions are easily absorbed from the synovial capillaries. 
Heavier solutions are absorbed more slowly. The synovial membrane 
is divided into two portions: the villus type covering the folded areas, 
which has in villi synovial cells that are filled with mucin; and_ the 
non-villus type that covers the smoother areas. The synovial fluid is 
formed principally from Ijnnph plasma from the capillaries of the 
synovial membrane, plus mucin from the synovial cells. Allison and 
Ghormley^ summarized the subject well when they stated that the 
synovial membrane is derived from the mesenchjmie, that it can 
regenerate, that it has the power of secreting a fluid mainly derived 
from the blood plasma, but modified by mucin, and that certain cells 
may be found in the synovial fluid which are for the most part phago- 
cytes, and help in removing the particles from the joint. 


Case Reports. Case 1. F. C., female, age 45, salesgirl, fell and injured 
her left knee during a snowstorm. Soon after, the left knee measured 34.2 cm. 
and the right 32 cm. in circumference at the mid-patella level. There was 
marked limitation of motion. Bed rest and an ice cap was advised for 5 days, 
without any change in either the measurements or in the mobility of the knee. 
Then the patient was put on ammonium chloride, 6 gm. (90 gr.) daily in 
divided doses, and a low sodium, acid-ash diet. Fluids wCTe not restricted. 
A.fter the 3d day, the reduction in circumference of the injured knee was at 
the rate of approximate^ 0.5 cm. a day, so that by the end of 7 days, the 
involved knee was but 0.5 cm. larger than the normal knee. The range of 
motion at this time was complete, and the patient was allowed out of bed 
for short periods of time. Ace Ijandage compression was applied throughout 
this period. The patient was soon able to return to work. 

Case 2.— J. B., male, age 20, college athlete, injured his right knee in a 
basketball game. Although the knee began to swell immediately, he com- 
pleted the game and went to classes the following day. That evening, exam- 
ination revealed a tense, immobile right knee measuring 40.3 cm. in circum- 
ference at the mid-patella level, as against 36 cm. for the left (uninvolved) knee. 
The patient was put to bed and an ice cap was applied to the knee. After 
2 days, in which the knee had not decreased in size or changed in mobilitj’’, 
an orthopedic consultation was arranged. Tapping was adwsed, and 90 cc. 
of xanthochromic fluid was obtained. A tight bandage was applied and a 
posterior moulded si)lint. Within 12 hours the fluid had reaccumulated in 
the joint, the temperature had risen to 103° F., and the patient was hospital- 
ized. Here the joint was tapped again and 150 cc. of bloody fluid was evacu- 
ated. A circular cast was applied for 2 weeks; the knee had showm no tendenev 
to rcaccumulate fluid at that time. 


Six months after this event, the patient again injured his right knee by 
twisting it. As before, the part began to swell, but this time he went to bed. 
An ice bag \yas applied, but there appeared to be no results as far as diminution 
of the swelling in a 3 day jicriod. Examination at this time revealed a tense 
swollen, immobile right knee measuring 40.5 cm. in circumference; the left 
knee, 36 cm. The patient was put on- a low sodium, acid-ash diet, and wa-^ 
given ammonium chloride, 0 gm. daily in divided doses. Fluids were not 
mslnct^ After the second day the size of the involved knee decreased, and 

Ono week later, the involved knee maasured 
o6.G cm. (a dmunution of 3.9 cm.) and the mobilih- was normal. At this time 
the patient had to take his final tenn ex.amination, and went to school in spite 
oi incihcal objections. Compre.<sion by Ace bandage, was used while the 
paOent wa.s .nmbulant. Them was no recurrence of the bvdrarthrosis. 

A ASK , 1 . J. L age 20, civilian Rod Cross worker, tvvisted his left knee 
while playing soft-ball. The knee began to swell almost immediatolv. On 
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examination the left knee measured 39.5 cm. in circumference ht the muU 
patella level; the right knee, 3G.5 cm. The involved knee was ten,*^e. Th*' 
patient was immediately placed on a low sodium, acid-asli diet witliout limitn- 
tion of fluids. Ammonium chloride was used in the amount of 0 gm. (t>0 gr.) 
daily in dhnded doses. There was remarkably prompt improvement, tli^' 
knee becoming more mobile on the first day after therapy was startoil. .At 
the end of 1 week, the involved knee had returned to normal (30.5 cm.) vlu!*^ 
the mobilitj' had increased to almost iionnal range. Compression by inmn< 
of an Ace bandage was applied and the subject was allowed to Iiecome ain- 
bulant. 


C.\SE 4. A. R., age 25, female, maid, injurc<l her left knee by strikirn: it 
against a table while at work. When first seen several hours later, the hft 
knee measured 39.G cm. in circumference, as against 3G cm. for the ri;:ht 
(normal) knee. The patient was ordered to beii but refused, so th.nt tl:»' 
treatment %yas largel}’ ambulant. A low sodium, acid-asli diet wa‘^ <letail*''’l 
and ammonium chloride tablets (90 gr.) a day in 4 dinded doses wa*^ ord*^nni. 
Fluids were not rc-stricted. The swelling dccrcasetl rapidly while tlie mobility 
increased. At the end of 6 days the left knee mcasure<l 3G.5 cm. (0.5 cm. 
more than the normal knee). Ree.xamination at the end of S days reve-nltd 
the left knee had returned to nonnal size (3G cm.). There was no retain) 
the swelling. 

C.\SE 5 (Control). J. AV., age 45, male, baker, hit his left knee arain^t a 
machine with great force. Tlic knee bcjrari to .«wcll witfiin .‘•ovfT.al hour-' arid 
the patient left the plant with great difficulty. On e.vamination the left kr:«c 
was markedly swollen, measuring 40 cm. in circiirnference at (lie inid-paf‘\’!^ 
level; right knee, 37 cm. There was extreme difficulty in bending tin* 
Paracentesis was advised but was refused, and tlioreforc f)ed re^f, sa!iryl'tt<’*. 
and an ice cap to the knee was ])rescril)ed for 5 days. During this timo 
was no decrease in the size of the involved knee, .'^hort-wave thorapy uilh a 
12 meter portable machine was given every fdlier day at the patient V 
At the end of 4 weeks, there was a decrease of 1.5 cm. in the rircumferenr** 
the left knee, and the movement wa^; improvc<i. At thi'^ time the j)ati‘ nt 
allowed out of be<l with Ace band.age cornprT-»ion to the knee and tlj*' 
wave therapy was continued. At the end of 8 weeks tlie left km'e 
tired 3S.5 cm. in circimiference (1.5 cm. more than the other kne<*) nlth-^u^k 
movement was adequate, and the patient h.ad tljr.^^effire n'tunjed to ro^rk 

Cask G (Contred), ^l. H., female, age 40, rhamlKTrnaid, n il rficAn ?» vvr.d 
stairs striking her left knee. She eontinm*^! workirig even though le*r kr.^»- 
began to swell and continued to swell. Tim patient rr ftn*'‘d to -top vr.rk .v. j 
was ambriLatory throughout her course of th^'raro*. Fxamination revrn/d 
that her left knee rnc.v^^ured 37.2 cm. at the inid-pat^dh rich* km*" 

*T> cm. A low ^alt-arrd diet and ammonium rhlorid^* 
could not conlimnxl becaii^^e of severe aDlomin.al cramp* 
treatment and Ace bandage cornpre— ion v.a^ throughout tie- tre-'U: 

At the end of 4 v.f-v'k- of rare, f!'^xion .and extension were ‘ till ditn^uU, l *y 
irnprovr-if over the i>riginal j“tate. 'Flie rTif*ri^ur»ur:erit va - .V* ■* eri*, b ' 
kn*v at the rnid-[»atel!a I-'-vel. a flirninutron of 0,7 rrn. .At tl/* ei.'i of $ 
the left 'wa- mn^ifi/Tal^y ritore riKihile^ althougli it-* 
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removal in 10 days, there was but slight reaccumulation (measurement 38 cm., 
i. e., 1 cm. more than the uninvolved knee). Thereafter an Ace bandage was 
applied, and short-wave therapy was given everj'' other day. Ten days later 
(i e., 29 days after the injury) both knees measured 37 cm. in circumference 
and treatment was stopped. 

Comment. The diagnosis of traumatic hydrarthrosis (traumatic syn- 
ovitis) of the knee with effusion is relatively easy. A direct or indirect 
injury to the knee, occasionally even a moderate twist, may cause a pro- 
fuse outpouring of synovial fluid, and therefore a great swelling of the 
joint. This occurs without a cartilage tear or interarticular fracture, 
although these conditions must be carefully excluded before assurning 
that the more benign state exists. The synovial fluid in a traumatized 
joint is said to contain large numbers of erythrocytes, a variable white 
cell count, an increased amount of bilirubin (due to red blood cell 
hemolysis), and mucin. The icteric index of synovial fluid in trau- 
matic effusions is usually above 5; on the other hand in the effusion 
of inflammatory arthritis the icteric index is below 5. The only other 
conditions causing increased bilirubin content of the synovial fluid con- 
sists of the hemarthrosis of hemophilia, sarcoma, xanthoma and 
tabetic arthropathy.^ 

The treatment of hydrarthrosis as usually carried out consists of 
an aspiration of the excess joint fluid, with the application of a tight 
adliesive plaster or plaster-of-Paris bandage, and rest for a period of 
several weeks. Not infrequently the fluid has a tendency to recur. 
The necessity of careful paracentesis must be stressed. Carelessness 
may result in the serious complication of suppurative arthritis, or as 
happened in one of the cases described, a hemarthrosis. Titus® treated 
an unusually large number of these cases with the static electric cur- 
rent, and he claimed a marked diminution of the extravasated fluid 
following several treatments. I have no familiarity with this form of 
treatment. 

The effect of injested alkali on the content of joint fluid has been 
the subject of a recent communication.^ The authors were able to 
increase the joint fluid in a case of rheumatoid arthritis by feeding 
sodium bicarbonate and to decrease the fluid by a low sodium diet 
and ammonium chloride in full doses. In our study of traumatic 
hydrarthrosis, strict attention was paid to the diet (see Table 1) which 
should be of low sodium content and preferably contain acid forming 
foods or. at least, be so selected that the combustion of foods would 
release as much acid as base. Salt in any form is interdicted. Fluids 
are not restricted. The rationale of this method of edema fluid re- 
moval was first enunciated by Newburgh.^ but has recentlv been so 
clearly and succinctly stated by Schemm^ that it bears repetition 
(almost Imt not exactly verbatim). 

Kdoma fluid is a simple increase of interstitial fluid, and it can 
accumulate only if the materials that it holds in solution have been 
retained. For each 2 pounds of edema fluid, these consist of 10 gm 
of an alkaline mixture of sodium salts (5 parts of sodium chloride and 
I part of sodium bicarbonate), and 1000 cc. of water as a <=olvent for 
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these salts. This alkaline edema fluid remains indefinitely. iinfe>s tlu' 
bicarbonate fraction of sodium salts is used up by the acids fnrinid 
from metabolism or by the injection of acid substances. Aeiililiention 
causes the kidney to overcome tliis tlireat to the j)]I (»f the ImvK 
fluid by elimination of the neutral or acid salts, or as it is usually ex- 
pressed: acidification mobilizes the sodium r)f the Imdy. the 
sodium leaves the l)ody h\' way of the kidneys, its water of solutien U 
free either to leave the body as urine water, whieli causes 
and diuresis; or to leave the body as water vaj)or. thert'hy eaii^inc 

Taiu.k I.- Ax ImrsTUATivK Dikt List’ 

Breakjasl 

Fruit: rriincs, stewed plums, other fruits only sparingly. 

Cereal: Oatmeal, puflcd rice or slmeddod wheat or farina with rrraiii. 

Fgg^i: Eccs,, any style. 

Breads: White toast or nndfins or French toast. 

Beverage: Coffee, or tea with cream. 

/junr/t 

Fruit: Fnmes (plain or juice) or rranherry su ice, 

.}ffaf or Fish: Choice of; beef, chicken, liver, mutton, /x;rk, rabbit, 
cod, haddock, halibut. 

Wgctablcs: Corn or lentils (other vcgrdablo imi,"! bf‘ u-ed .*.parini:iy v. itb tli‘* 
diet). 

Snlaflsi: Prune and cottage salad. 

Breads: White bread or white flour mufliit'v. 

Beverage: CofTec or tea with cream. 

Dessert: Xut*; may be ('fiteu as often a^ dr‘>ired, 

Dinut r 

Soup: Meat ht^)ck soup, preferably without vege}‘$b!“-. ( Hey n^y L* 

in uifKleration only.) 

.\fent: Choice of meats or fl-h (a^ above in Lavrh), 

Fgg*: Fees, any style, m.ay be >ub>itituted irt the ne*ab 

May Ik* taken in ^‘'nirdl amount fiut *.!»ould butt^'rMl 
or Icntib may b^ taken a- otte.n a- d‘"-ir('<l. P^-a* and ouio:;* <*’ o. • 

eaten les^ cjftcn. Spagledti and inararont are r*--l 

Chee*e: Ckittage salad, in all form- are d‘*^orab!«', 

CoflfH* nr t^a vifh ererun or ‘••uirar, 

D<^**e^t: Crrvnl-’rn**^, and pnuK- ntr tie'* »»nly fru^t** v '• 

lirnit^sl rurn'unt-. 

NO -^AI.T T<» iiK t>F:i) fN O/inKf.VO of' AT Tfff. TAfS! f; 
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(6 gm.) per day) in the removal of the effusion in traumatic hydrarthro- 
sis is worth reporting. The reasons given for not restricting fluid, 
paradoxical as it may sound, are good and sufficient. It cannot be 
claimed that a new treatment exists for the removal of effusions in the 
joints on the basis of the few cases described. Rather it is interest- 
ing from an experimental viewpoint, and substantiates fully the report 
of Jacobson, Leichtentritt and Lyons® in their attempt to influence the 
volume of joint fluid in rheumatoid arthritis. 
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OxE of the minor complications of ergotamine tartrate therapy of 
migraine lieadachc is the occurrence of occasional muscle cramps and 
weakness. O’Sullivan® states, "Thirty-seven (out of 97) of our patients 
eomplaiucd of generalized weakness associated with the migraine 
attack. Fifteen individuals stated that after the alkaloid had eliminated 
the headache their legs felt tired and weak. It is rather difficult to 
determine whether this asthenia was caused hy tlic drug or wliether 
it was a eoextent migraine phenomenon that the drug was unable to 
eliminate. A few of the patients state with certainty that this ‘all in’ 
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reeling is more noticeable to them after the drug than before ” This 
weakness was sufficient in one of her patients to cause a serious fall. 
The purpose of our study was to determine, if possible, whether 
therapeutic doses of ergotamine tartrate w’ould consistently produce 
muscle weakness in normal individuals. Kxperiments on neosjuiephrin 
IICI were also performed as a control to the subjective and blood 
jwessure clfcct of the ergotamine tartrate. 


id. The Mnison crgognydi- was used to the point of fatigue to 
the work capacity. With this ercoirrapli the extensor diritonim 


Method. 

measure the work capacity. Wilh this ergograpli the extensor digitonim 
communis of cither arm may be worked at a constant stroke rate and ^vith a 
measured, uniform stroke. It 1ms the advantages that no other muscles can 
he used to apply force to the work, the initial application of the hand is uniform 
because of the e.asily found landmarks, and the extensor digitorura muscle is 
othcnvisc little used in everyday life. The muscles were voluntarily contracted 
once each second, lifting a load sufficient to produce fatigue in 2 to 4 minutes. 
When, as a result of training, the subject could lift a given load for 10 full 
minutes, an increased load was applied in order to return the subject to the 
experimental range. As a training and st.abilizing influence, the subjects 
exercised each arm daily for a fixed iieriod of 10 minutes ^^ith a light load. 

Ten thoroughly trained subjects were used after a training period which 
varied from 3 to 14 months, during wliich time the muscles of each arm were 
worked to fatigue G days a week. The load was increased by 300 gm. when 
a given subject was able to carrj' the i)rcvious load in steady state (10 minutes). 
Since the subjects frequently had greater variation in work output when work- 
ing with an *‘eas}'^^ load, they were drug tested whenever possible 1 or 2 weeks 
after starting a new and hea^^er load. The 10 subjects used were male medical 
students and the authors. Two of these subjects had occasional periodic 
migraine headaches. 

The recipients were not aware of the nature of the injected drug, and hence, 
placebo injections could be interspersed according to a prearranged schedule. 
The injection was usuall}" made at 11 a.m. after a light breakfast. The work 
ability was tested at the lieight of drug action 90 minutes after the intra- 
muscular injection of to y mg. doses of ergotamine tartrate, or 15 to 30 
minutes after 4 to 10 mg. intramuscular doses of neos 3 mephrm HCI. ^ The 
subjects were assigned to work either 30 or 90 minutes after the placebo injec- 
tions of hypotonic saline. Tlie subjects were seldom used oftener than once a 
week. " . . f + 1 , 

The data were graphed as delations from the mean in fractions of tne 
standard de^^ation calculated by using the 5 or more pre^dous work 
and an equal number of subsequent w’ork periods as the control period. Tne 
work outputs in kg./cm. of the left and right hands were first averaged and 
the standard de^^ation of these 10 or more data determined. The denation 
from the mean of the averaged left and right hand work output on the experi- 
mental da 3 ^s was then compared to the standard denation and expressed as 
a fraction or multiple of this denation. By this method^ of calculation tne 
gradual increase in work output which occurs in all training subjects was 
given equal weight both before and after the test daj^, and the calcination 
minimized the danger of recording any chance increased work output as a 
drug effect. Wliile in the usual statistical treatment of biologic data any 
increase or decrease in work output beyond two standard delations can oe 
considered significant, in our treatment of the data we are comparing a singi 
determination vnth a mean. Hence, this 2 S.D. rule can be applied only m 
the final mean for each drug. 

Results. The data are summarized in the scatter graph, Figure 1. 

Tn general, no significant decrease in work output occurred after tiie 
intramuscular injection of ergotamine tartrate. The 3 decrease 
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greater than 2 S.D. did not occur twice in the same individual, for 
each of these subjects was given 2 injections of ergotamine tartrate. 
The mean of the work output in 21 trials on the 10 subjects was 
-.55 standard deviations (S.E. of mean = .26), which was less than 
the mean for either the placebo injections or the neosynephrin HCl 
injections. The work capacity after the placebo injections varied from 
one negative standard deviation to 1.9 standard deviation plus. The 
mean for the 15 trials was +0.36 standard deviation (S.E. of mean 
= .25). This slight increase must be attributed to the psychic effect 
of the injection. In the case of neosynephrin HCl the work output 
after intramuscular injection of 5 to 10 mg. was marked in 2 instances 
and above 2 S.D. in 6 out of 20 trials. The mean increase was also 

On« — One 4 - 


Two- Standard Mean Standard Two + 
S. D. deviation deviation 5. D. 



Mean of means'ROb ka cm Mean S. D.“Z56 • \5% 
O® mean 5 D for each drug 


Fig. 1. — Scnttcr prapli of work output of the 10 trained subjects. The work output 
on the test day is praphed as a fraction of the S.D. determined by analysis of the pre- 
codinp and subsequent data. One mean S.D, is equal to 256 kg. /cm. or a 15% change 
in work output. 

significant, being 2.01 standard deviations (S.E. of mean = 0.15). 
'l\vo of tlie subjects had periodic migraine headaches, and the mean 
of their calculated work output after ergotamine tartrate was — 1 .47 
standard deviation. However, their average effort with the placebo 
injection was —.29 standard deviation and only +.05 with the neo- 
synephrin HCl injection. Tims, tliey were relatively low in all experi- 
mental drug trials of work output. 

Subjective symptoms from ergotamine tartrate were surprisingly 
few even with dose.s of J mg. The subjects reported slight nausea, 
ma.sscter trismus, slight diz7.inc.ss. and occasional sweating." No vomit- 
ing oeeurrivd. 'Hie 2 migraine subjects noted that the subjective effect 
of ergotamine tartrate was much le.<s tlian those s\nnptoms elicited 
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f>y nu oqiml (lose of the drug at t))e time of a headache. Occasional 
s.vtnptoins eltt-itefl l)y iieosyneplirin MCI were pilomotor actiritv and 
froutnl lieaflnclic of short duration. Tlie maximum slowing of* pulse 
rate occurred HI) mimitcs after neo.syncphriri IICl, and this was taken 
to he the time of maxiinuin drug action. 

Discussion, far the tno.st .significant finding of this study was 
the increased work capacity after the intramuscular injection of 
iico,sytie[)hrin IICl. Since this drug is .sympathicomimetic and chemi- 
cally similar to cpinephrin, one might, according to the emergency 
theory of cpinephrin action, expect an increase in work output. How- 
ever, a search of the literature has failed to reveal any e.xact studies 
of the work capacity in trained stdijects after epinepimn injeetions. 
'i'he.so data must, hence, stand without comparison to cpinephrin data. 

The eifcct of an injection of any kind has always been given a high 
psychic value by cautious experimenters when the data have not been 
or cannot be subjected to statistical analysis. The findings in this 
study that injection of a placebo ro.sults in only a -k.36 S.D. mean 
rise in work output speak for tlie intense endeavor and stability of our 
subjects, Tlie data also indicate tliat in normal subjects, at least, the 
jisychic cfTcct of a simjde injection has been liitberto overrated. 

Finally, when the effect of the smooth muscle stimulant, ergotainine 
tartrate, is compared with the smooth muscle stimulant, neosynephrin 
HCl, the failure to obtain an increase in work output with ergotamine 
tartrate may be significant, since they were vised in doses which pro- 
duce proportionate rises in blood pressure.’ By this comparison the 
ergotamine tartrate effect to slightly decrease work capacity assumes 
po.ssible significance. However, the only definite conclusion to be 
drawn at present must be that muscle weakness occasionally encoun- 
tered clinically in treated migraine patients cannot be due to the 
direct action of ergotamine tartrate. Some predisposing factor in the 
migraine syndrome must potentiate the slight effect of ergotamine 
tartrate on striated muscle. 

Summary, The work capacit.v of a group of trained subjects was: 

1. Decreased (but probably not significantly so) by intramuscular 
ergotamine tartrate. 

2. Slightly increased by intramuscular placebo injections. _ ^ 

3. Significant!}* increased b}- intramuscular neosynephrm HCl injec- 
tions. The muscle weakness occasionally reported from ergotamine 
tartrate of migraine Iieadache cannot be due entirely to the drug. 
Some predisposing migraine factor must be involved. 


The nuthors arc indebted to the Sandos Chemical Works, Inc., for the 
sotamino tartrate and to the F. Stearns Company for the neosyneplirm HC! usea 

this study. •D-p^-R'Tr.w'Pvnp.s 
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CARDIAC ARREST BY THE ACTION OF POTASSIUM* 

By Clement A. Finch, M.D. 

ASSISTANT RESIDENT IN MEDICINE 
AND 

John F. Marchand, M.D. 

RESEARCH FEL.LO'VV IN PHARMACOTHERAPY 
BOSTON, MASS, 

(From the Medical Clinic of the Peter Bent Brigham Hospital and the Departments 
of Medicine and Pharmacology of the Harvard Medical School) 

The earliest report of potassium poisoning in nephritis is that by 
W. G. Smillie in 1 915 from the medical clinic of the Peter Bent Brigham 
Hospital.^® He described a temporary episode of collapse with vomit- 
ing, following the administration of 10 gm. of potassium chloride as a 
diuretic. The patient had been diagnosed as having chronic nephritis 
with uremia. Smillie approached the problem experimentally on the 
basis of Reid Hunt’s unpublished obser^'ation of the toxicity of orally 
administered potassium salts for nephrectoinized guinea pigs, and 
found that 1 gm. of potassium chloride orally was quickly fatal to 
rabbits with nephritis induced by uranium nitrate. 

In view of more recent knowledge of the action of potassium it is 
evident that the reaction of Smillie’s patient illustrates an irritating 
effect of this substance acting locally on the gastro-intestinal tract.^® 
At the same hospital new methods of investigation have since made 
possible a demonstration of the toxic effect of accumulated potassium 
ions in the body. 

Toxic effects of potassium had been suspected previously in a variety 
of conditions,*® •'® but there was no way of demonstrating Avhether or 
Jiot they had actually occurred. The recent development of exact 
nuero-inethods for the determination of serum potassium and the dis- 
covery of a si^ecific sequence of electrocardiographic changes accora- 
\)anying progressive elevation of the serum potassium in dogs®* has 
made it possible to establish conclusively that in the first of the 2 cases 
<lei,cribcd here, cardiac arrest resulted from an elevation of the serum 
l)otassium, 

A search through the collection of electrocardiograms (ECG) of 
Dr. 8. A. I .evinc subsequently revealed a similar tracing. This wa.s 
from a .‘second patient who also demonstrates the characteristic ECG 
and the final stages of the clinical course of potassium poisoning, al- 
though no potassium determinations were made. %/ 

Case Studies. C.\sk 1. Med. roc. Xo. G1SS8. Oliguria and azo- 
innia, failure of adequate urinarg poiassinm exerdion, charaderhiic ECO 
rhaugex of polas.'^ium })oixnning, and a irrminal flaccid qiiadriplcgio. 

C. C., .n year old ni.nrried negro p.aintor, entered the Peter Bent Brigham 
Ttospital on April 20, 1942, complaining of abdominal distres.': and nausea 
accomp.anied by a dimimslung output of urine. He had been e.xamined in the 
<hsi>cnsarA- 13 months before entr.’ bcc.anse of low back and leg pain following 

» ThU work xvn< Onnp nnOcr tbr tnispice? of the University Committee on Pharmaco- 
thfrApy. 
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nri^ automobile accident. At this time the blood pressure ^vas 160/110. The 
urine was normal microscopically and had a specific gra\ity of 1.022! The 
spinal niud ^vas normal. lour months prior to entrj' when he was examined 
for Koyernmont employment, tlie blood pressure was 160/90. The job which 
ho undertook m niiparcntly good health consisted of repair work and painting 
in a shipyard, an occujiation which was not new to him. He had first become 
an apprentice painter in 1915, at the age of 12. 

^ A month after he had started work, he began to take time out for sickness, 
bor d months he had general malaise and occasional vomiting. In the last 
d weeks there was also a mild recurrent pcri-iimbilical pain. The discomfort 
gradually increased up to the 5(li day before admission. On that day there 
was return of thc^ numlinoss in the left leg which had occurred at intervals 
since his automoliilc accident 19 months before. While at lunch on that day 
he c.xperienced a severe c.vaccrhation of the abdominal pain, accompanied by 
eme.sis and diarrhea, lie also had a shaking chill with fever of 103® F. In 
file A dny.s prior to admission no more bowel movements occurred, but vomiting 
and anorexia continued. At tlic same time the abdominal discomfort gradu- 
ally improved. He described the urine as deep amber in color and amounting 
to only a pint a da\" for 4 daj'.s. 

Physical Exarinnation. The patient was a well-developed negro who ap- 
peared comfortable l)ut complained of feeling tired. He had a temperature of 
99® F, ))y mouth. TJie oplitlialmoscopic examination revealed minimal arterio- 
venous nicking of the retinal vo.ssels. His heart sounds were of good quality 
and regular with a soft systolic munniir at the apex. The heart rate was 
90 per minute and the blood pressure was 165/95. Tlie abdomen was some- 
what tense and rounded, but there was no tenderness of the costovertebral 
angle and onl}" slight peri-umbilical i}ain on deep pressure. He had no periph- 
eral edema. The tendon reflcxc.s of the extremities were present and equal 
bilaterally. 


Laboratory Data. The blood Hinton and Wassennann reactions were nega- 
tive. The hemoglobin concentration was 12.6 gm. per 100 cc. and the hemato- 
crit 43%. The white cell count was 9500, Mith a normal differential. A 
special search revealed no basophilic stippling of the red cells. The blood 
urea nitrogen was 91 mg. per 100 cc. on the da}’’ of entiy and gradually rose 
to 141 at the time of death. On the 3d hospital day the non-protein nitrogen 
of the serum was 137 mg. per 100 cc. The total serum protein at this time 
was 6.6 gm. per 100 cc., of which 4 gm. were albumin and 2.6 were globulin. 
The icteric index was 8. Serum collected 24 hours before death contained 
8.85 m.eq./I.* of potassium, and a specimen obtained a few moments after 
death contained 10.50 m.eq./l. of potassium. 

The urine was turbid, amber colored, and had a specific gra^^ty ranging 
from 1.008 to 1.012. The albumin content was 3+ by the heat and acetic 
acid test, and there were many red cells and white cells in the centrifuged 
sediment. After standing with added HCI the urine developed a ros}^ tint, 
but contained no porph3Tins. The 425 cc. excreted during the last two days 
of life contained 20.6 in.eq. of potassium per liter. A stool specimen obtained 
by enema appeared normal and contained no occult blood. 

Hospital Course. During the 6 days in the hospital he was afebrile, out 
remained in bed feeling nauseated, anxious and weak. He had to be urgea 
to eat and there were repeated episodes of vomiting. Despite an ® 

13 870^ cc. of fluid orally and by vein, which averaged nearly 3 liters a day i 
5 days the entire output of urine amounted to less than 2 liters of 300 cc. 
npr dav during this period. He was also continuously constipated. 

^ A 5 A.M on the 5th hospital day, 24 hours before death, he exp^n^ 
difficulty in reaching for the bell cord to call for a urinal. Immediate y . 
S e iXl power to move the extremities except for an occasional sl.^t 
Son of one or^two digits. However he was able to void at this time and 
again on a subsequent occasion. 

.» Milliequivalents or millimols per liter. (To convert to milligrams per 


multiply by 3.9). 
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With the advent of paralysis he became frightened and anxious, but experi- 
enced no pain. The extremities became cold and wet, and the tendon reflexes 
could no longei- be elicited. Yet there was no paralysis of the head or trunk 
muscles and his mental faculties remained clear. At one time there were 
slight twitches aliout the mouth and the jaw jerk was hjTieractive. No sen- 
sory disturbances were observed at any time. A lumbar puncture revealed no 
abnormalities of the spinal fluid. 

The paralysis was accompanied by transitoiy episodes of bradycardia, but 
the blood pressure remained high and the pulse quickly returned to the usual 
rate of about 80 per minute. The ECG 4 hours after the onset of paralysis 
(Fig. I A) showed absent P waves, widespread intraventricular block, regular 
rhythm and a rate of 63 per minute. 

Toward the latter part of the day there was evidence of some degree of 
recovery. By evening he Avas able to move his arms freely, but there Avas still 
weakness. The left knee jerk returned temporarily. He also recovered some 
use of the thigh and calf muscles, and could AAuggle his toes slightly. At 
10:45 I’.M. he receiA^ed 4.5 gm. of potassium chloride by mouth, on the possi- 
bility that the paraly.sis might be akin to familial periodic paralysis and Avould 
respond similarly. 

HoAvever, by 1 a.m. the paralysis AA'as again Avorse. The heart sounds Avere 
regular, Avith the same systolic and a nerv diastolic muimur at the apex and a 
rcdviplicatioir of the second sound in the pulmonic area. The ECG at this time 
shoAved an even AA'ider spread of the A^entricular complexes (Fig. I C) than 
Avas seen on the first record. The pulse repeatedly sloAved momentaril 5 " from 
rates of 60 or 80 to 20 or 30 beats per minute. At 5:45 a.m., after a sleepless 
night, he felt fatigued but Avas conscious and aa'cII oriented. The pulse rate 
was 74 and the quadriplegia had returned. 

During the last hour of lifeECGs Avere recorded almost continuously. The 
cardiac rhythm remained regular until about 15 minutes before death (Fig. 
I B), Avhen momentary pauses begair to appear after every third and then 
after every second beat (Fig. II D, E,F). A ferv moments before death he 
became drowsy, asked to har^e the bedclothes pulled aAvay and AA'anted to 
have his hands rubbed. They had become colder and AA'etter. His speech 
was thick, and he seemed increasingly apprehensh'^e, yet eA'^eir at this time 
voluntary elcA'ation of the head from the pilloAV Avas accompanied by a strong 
contraction of the abdominal muscles. 

On the ECG, lengthening periods of asj'stole (Fig. II G) Avere interrupted 
by intervals of acceleration of the pulse to the original rate of about 80 per 
minute. Transitoiy intervals of ventricular fibrillation (Fig. II H, I) Avere 
followed by increasing periods of asystole interrupted by vaiying abnonnal 
beats (Fig. II J; Fig. Ill K, L, M). After a long asystole at. 6:45 a.m. 
(Fig. in A'^) he became cyanotic and respirations ceased except for a few 
sjioradic efforts. Two intracardiac injections of 1 mg. of epinephrin in Avater 
Avere folloAvcd by fibrillation of the ventricle (Fig. Ill 0) but no heart sounds 
were hoard and no peripheral pulse Avas felt. Each time, after the injection 
of^ 1 gm. of magnesium sulfate in Avatcr, the fibrillation ceased and single 
oniciont cardiac contractions occurred. Heart sounds could be heard and 
pulsations could be felt at the AA'rist, but this actmty AAas infrequent and 
soon died out. Artificial respiration Avas administered, but at 7:10 a.m., 
15 minutes after the ces-sation of spontaneous respiration, fibrillan- motion of 
the heart ceased entirely and there Avas no further response to epinephrin. 

•lidop.o/, 1 here Averc 300 cc. of clear fluid in the right pleural caAntA* and 
200 ee. in the peritoneal caA'ity. 

The heart Avas noticc.ahly dilated and Aveighed 470 gm. Microscojiicalh*, 
ttierc Avem some tiny scattered areas of myocardial fibrosis and atrophv, in*a 
lew of which Averc fibroblasts, lymphocytes and rare erA-throevtes. The blood- 
wore normal. 

The abdomiiual viscera Avere engorged, the liver, which wciched 15S0 cm.. 
apiH’anxl normal except for prominence of the lobular markincs. Microscopic 
exammation rm-ealod atrophy and loss of liver cells in the pcrirontr.al area« 
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1 his ^\as acc()nij)!inicd by siJiall dopositsof lipoid material and a number of 
mononuclear cells containing brownish pigment. 

The kidneys were enlarged and weighed 310 and 380 gm. The capsules 
stnp])ed easily. ^ On cut sections the architecture was well preserved but there 
was some bulging of the ])arcnch}nna. The microscopic sections showed 
edema, a chronic tyi)e of cellular infiltration of the interstitial tissue and degen- 
erative changes in the epithelium of the renal tubules with occasional e^ddence 
of regeneration. There was veiy little al)normaIity of tlie vessels or glomeruli. 

In the brain^ there was flattening of the convolutions of the cortex, but 
otherwise nothing grossly or niicroscoi)icall 3 ' abnormal in it or the upper 
cervical cord. No significant changes were found in other organs. 

Discussion. This ])aticnt does not exliibit the usual syndrome of 
uremia as seen in the terminal stages of chronic renal disease. The 
(•()inj)]etcness of tlie renal failure is reflected in tlie water retention, the 
fixed specific gravity and the rapid increase in the blood urea nitrogen, 
and even more significantly in an almost complete retention of potas- 
.siuin. Except for the paralysis, the clinical course of this patient 
corresponds closcl.v to tlie observation of the rapid onset of collapse 
anfl death in dogs d\'ing of spontaneous potassium intoxication after 
bilateral ligation of the ureters.^^ 

In spite of blood levels between S.S5 and 10.5 m.eq./I. there were 
only 0.32 gm. of potassium in the 425 cc. of urine excreted in the last 
4S liours. Calculated on this basis, 0.23 gm. of potassium were 
excreted in 300 cc. of urine eacli day for the last 10 days of life. This 
rate of excretion with an average dietary intake of 3.4 gm. a da^MVould 
have allowed a retention of approximately 30 gm., less a negligible loss 
of about 0.3 gm. a day'^ in the feces. Although it is probable that in 
the last few da^’s the dietary intake of potassium was less than that in 
the average diet, the significance of the disturbance in balance remains 
evident. 

Because of the similarity of the ECG records from this patient and 
those reported as resulting from experimental potassium intoxication 
in dogs, two samples of serum and one of urine were analyzed by the 
chlorplatinate method.^* Both serum specimens were collected with 
care in a dry syringe. Tlie first was centrifuged immediate!}"; the 
second after standing for a few hours at room temperature. Examined 
spectroscopically, both were free of hemoglobin. The urine was a 
sample from the 425 cc, excreted in the last 2 days of life. 

Although the normal level of serum potassium is between 4 and 
5 m.eq./l., in this patient it was 8,85 20 hours before death and 10.5 
a few moments after death. This is an elcA^ation capable of causing 

cardiac arrest in dogs.^^ „ . . • + 1,0 

The ECG changes could not be attributed to the small foci m tne 
microscopic sections of the myocardium. Myocardial lesions similar 
to these have been described in uremia and demonstrated in the rare 
cases in which there was no widespread vascular disease.^ However, 
neither with iiremia^^ nor witli myocarditis from other causes are there 
ECG changes comparable to those resulting from potassium intoxica ion. 
/The demonstration of fatal potassium poisoning in this patient, as 

* The analyses were made by Dr. A. W. Winkler of the Department of Medicine. Yale 
University School of Medicine. 
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in experimental animals, is based on clinical rather than anatomic 
evidence. No structural changes have been observed at postmortem 
in animals experimentally poisoned with potassium, and except for 
the dilatation of the heart, none of the pathologic findings in this 
patient should be attributed to the action of potassium. 

Case 2. Med. rec. No. 20525. Oliguria and azotemia, the charac- 
teristic ECG changes of 'potassium poisoning, and a terminal flaccid 
guadriplegia, following the therapeutic administration of large quantities 
of potassium salts. 

M. H., a single, 50 year old, white chauffeur entered the Peter Bent Brigham 
Hospital on February 15, 1923, complaining of inability to pass urine. He had 
used alcohol for years. Previous illness was denied. 

Six days before admission, after 3 or 4 drinks of home brew, he appeared 
so “rvild and unnatural” that a doctor was called, but no actual delirium 
tremens developed. He worked and felt well the following day and that 
tiight had another drink. The next morning he complained to his physician 
that he had passed no urine for 4 days. The administration of a proprietary 
diuretic and magnesium citrate had no effect. On the day before admission, 
after 5 days of anuria, catheterization yielded only a few drops of urine. 

Physical Examination. He was a well nourished male who appeared com- 
fortable and alert. Both the breath and the skin had a uriniferous odor. The 
skin appeared pasty, and there was a moderate edema of the lids and con- 
junctivse. The optic fundi were normal. About the mouth there was a slight 
tremor during speech. The examination of the heart and lungs was not 
remarkable. The blood pressure was 175/98. The pulse rate was regular at 
80 per minute. The abdomen was distended and diffusely tender. In the 
extremities the musculature was nonnal and the reflexes wei-e described in 
detail as equal and active. There was no peripheral edema, and his general 
condition was good. 

Laboratory Data. The erythrocyte count was 4,000,000 and the hemoglobin 
was read as 100% (Sahli). The leukocyte count was 9600, with a nonnal 
differential. The blood urea nitrogen rose from 105 mg. per 100 cc. on admis- 
sion to 12S at death, while the blood creatinin increased from 17.1 mg. per 
100 cc. to 19.1. The carbon dioxide-combining power of the plasma remained 
at 60 vol. %. 

Four urine specimens were jialc and cloudy, with s})ecific gravities from 
1.008 to 1.010. They contained a moderate amount of albumin and numerous 
red cells, white cells and casts. A stool on the 3d day contained mucus, but 
no occult blood. 

Twenty-four hour urine specimens were analyzed quantitativelj' on the 
o days before death. There was a progressive increase in urine volume from 
55 cc. to 1 liter jier day, associated with an increase in the total excretion of 
urea and total nitrogen, titratable acid, creatin and creatinin. However, the 
amounts excreted were never more than a small fraetion of the nonnal minimal 
value.-; for these substances. No potassium detenninations were made on the 
blood or urine. 

Hospital Course. The ])atient felt and apjjearcd fairly well for .5 davs but 
<ui the Gth day developed a flaccid quadriplegia and died. During his liospital 
stay he continued to have abdominal distention, puffincss about the face and 
a uriniferous odor. He remained afebrile. The blood pressure, pulse and 
rospinition did not change apiircciably. As the daily urine output increased 
lus weight decline<l from 75 to 71 kg. 

Because of the anuria he vi’as given a course of thernjn' routinelv used for 
inercun; jxiisoning. apparently for diuretic effect as well .as for the purpose of 
preventing acidosis. 1 his was called the Dunbert treatment and included the 
.aclmmistration of .almo.st 2 mn. of })otassium bitartrate in 2.50 cc. of water 
e\erj* « hours. It aho includcHl the i>eri(xlic administration of 4 gm. of pof,a.c- 
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Fra. II.— Tehmixal In regularities in Rhythm* 

's Vontrictilar conipIoxoH in groups of 3 and then groups of 2, at increasing intervals. G, Bradycardia. Rate: 14 per minute. 
Transient infcrvidsof slow ventricular /ihrillntion followed by resumption of single varying abnormal complexes at irregular intervals. 

* Reproduced at } original size. 
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siuin. acetate in 500 cc. of water, hy Murphy drip, infused slowly per rectum. 
The potassium acetate w'as given once on the 2d hospital daj', once every 
4 hours on the 3d, and thereafter was reduced to 2 gm. in 500 cc. of water at 
8 hour intervals. On this regime he continued to feel weak and suffered from 
recurrent nausea and vomiting. 

On the morning of the 6th hospital day the patient complained of increasing 
weakness in the legs. At 10:30 a.m., 5 hours before death, he Avas unable^ to 
bend his knees and showed marked Aveakness of the arms. The respiration 
remained noi-mal and his mental state Avas entirely clear. At 1:30 p.m. the 
pulse had sloAv'ed to 28 beats per nainute. At 3:10 p.m. an EGG Avas taken 
Avhich showed “extraordinarj’^ curA’^es Avith defective intraA’^entricular conduc- 
tion, suggestive of cor mortuum” (Plate IV). 

Immediately after this, Avhile he Avas being placed on his side for a lumbar 
puncture, the pulse became A^erj'^ sloAv and irregular, Avith dropped beats, and 
then stopped. The respirations had remained normal, but ceased a few seconds 
later. Tlie patient Avas rational and ansAvered a question wdthin 30 seconds 
of his death, AA'hich occurred at 3:25 p.i\i., 15 minutes after the EGG had been 
taken. 

Autopsy. The postmortem examination Avas reported by Dr. G. B. Magrath, 
the medical examiner, as shoAving diffuse chronic and acute nephritis, dilata- 
tion of the heart and edema of the lungs and brain. 

Discussion. This patient surA-iA^ed 5 days of anuria before entering 
the hospital. During the 6 days on potassium therapy, there Av^as an 
increase in urine volume and evidence of a beginning return of renal 
function. HoAvever, this return of function Avas ncA’er sufficient to 
affect appreciably the progressive course of the azotemia. The total 
daily excretion of the .substances studied remained so small that the 
renal failure even on the last day of life was still nearly complete. 
From the hiboratory data and other features of the case it is now 
u{)parent that in spite of a beginning diuresis the intake of potassium 
salts exceeded his excretory capacity. The total amount administered 
included about 20 gm. of the bitartrate daily and 4 to 0 or more gm. a 
day of the citrate for the last 5 days of life. 

The final sequence of events corresponded closely to that of the case 
previously described, but Avas more rapid. There was a transitory 
bradycardia 2 hours before death, but regular rhythm aa'us maintained. 
There AA'as no change in the blood ])re.ssure until the end. The ECG 
(Fig. IV) shoAved arrest of the auricles and Avidespread intraA'entricu- 
lar block. Terminal irregularities of the pulse Avere observed, cor- 
responding Avith those of the previous case immediately before cardiac 
arrest. In this instance, as in the first case and in the experimental 
animals, the heart beat ceased before the respirations and the heart 
^^topjH'd in diastole. .Again it may be noted that the patient remained 
n)nscions and able to speak up to the moment of death. In this case 
the diagiuKsis of fatal })otassium poisoning is established on the basi.s 
of the clinical course and the electrocardiogram. 

'^he Electrocarffiographic Diagnosis of Potassium Effect. The Avork 
of ijjkler. Holf and v'^mith has made possible an ECG diagnosis of 
potassitnn poisoning in man. ’rhey shoAved that in dogs a slow increase 
of the.sennn pota.xsium from normal levels of 4 to .5 m.eq.;l. to 14 or Ifi 
was awmipaniwl by a progressive elevation of the T Avaves, depression 
of the S-T segment. intra\'ontricular block, loss of P Avaves. and finallv 
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Fig. IV.* — Aubicui*ar Akbest and Impaired Conduction t 
Case II, Leads I. II and III, 15 minutes before death, and 4i hours after 

Rate: 85 per minute. Absent P waves. Widespread intraventricular blocK. W 
0.75 second. The T waves are elevated and overlap each succeeding complex. 

* Standardization deflection = 3 millivolts, 
t Reproduced at | original size. 
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cardiac arrest. They also found that tlie ventricular fibrillation 
reported by earlier workers did not occur if the infusion of potassium 
salt was given slowlj’’.®* A rapid administration resulted in ventricular 
fibrillation.^® 

Subsequent studies demonstrated spontaneous potassium poisoning 
regularly in surgically anuric dogs^® and occasionally'^ in adrenalecto- 
mized dogs®^ as suggested by the work of Nicholson and Soffer.^® 
Wood and Moe®® found in heart-lung preparations from dogs that 
atrial and ventricular arrest occurred at average plasma potassium 
concentrations of 8.5 and 9.5 m.eq./l., respectively. 

In man, the earlier effects of potassium on the heart have been 
described in the EGG of persons receiving potassium salts orally. These 
reports have shown elevations of the T waves®"* and in some cases an 
increase also in the P-R interval.®® Two reports have also shown 
what now may be recognized as advanced toxic effects of potassium, 
including absent P waves and extensive intraventricular block. Each 
record was taken a short time before death. One of these was inter- 


preted as showing a toxic effect resulting from the therapeutic adminis- 
tration of potassium salts, but no potassium determinations were 
made and cardiac arrest by potassium was not suggested.®* The other, 
from a patient in uremia, was interpreted as due to a toxic depression 
of the Purkinje system, but the nature of the toxin was not specified.®® 

In the 2 cases described here the EGG changes observed in association 
with poisoning of the human heart by potassium were as follows; 

The rhythm remained regular most of the time. The ventricular 
complexes increased in duration and developed progressively smoother 
and more rounded contours in contrast to the sharp QRS and T waves 
of the normal EGG. In Gase 2 the successive complexes were so pro- 
longed that they overlapped each other. In Gase 1 the S-T segment 


was jirogrcssively depressed (Fig. 1 A, B) and then completely over- 
lapped. The T waves became more rounded and markedly elevated. 
The sequence of changes preceding cardiac arrest in Gase 1 included 
increasingly frequent and prolonged pauses in the rhythm, brief runs 
of slow ventricular fibrillation, and a series of variously deformed 
ventricular complexes. These changes were interpreted as indicating: 
(n) Suppression of auricular activity; (b) progressive slowing of con- 
duction in the ventricles; (c) arrest of the heart associated with terminal 
irregidarities of the rhythm and ectopic ventricular beats. 

^ Tile absence of P waves results from arrest rather than from fibrilla- 
tion of the auricles, as is shown by the persistence of regular rhythm. 
A degree of delay in conduction as great as that observed in these 
2 eases is usually interpreted as rejiresenting bundle branch block. 
In these tracings, however, it represents an effect of potassium on the 
v\ hole heart similar to that which occurs locally following direct topical 
application of potassium solutions to the mammalian heart.®® 

'Phe runs of ventricular fibrillation which accomiianicd cardiac 
arrivt in (. use 1 correspond to the slow, reversible potassium fibrillation 
winch occurs in asssociation with dilatation of the heart.*®-®^ The post- 
mortem ventricular fibrillation rccHwded was a non-sjiecific effect from 
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intracardiac epinephrin injection rather than an effect of potassium. 
Ihc increased irritalDiIity of the heart due to epinephrin together with 
tile slowing of conduction by potassium provided an ideal condition 
for the development of circus movements. Experimentally a rapid 
intravenous injection of potassium alone acts similarly. The varying 
form of the terminal ventricular complexes represented varying sites 
of ectopic impulse formation in the ventricles. 

1 lie striking changes observed in the tracings from these patients 
j)rovide a method for demonstrating physiologic effects of a quantita- 
tive disturbance in one of the plasma electrohles. They also provide 
an etiologic explanation for certain bizarre terminal ECGs, formerly 
diagnosed non-specifically as cor moriitwn or dying heart.^’ 

Paralysis of the Extremities. In experimental potassium poisoning no 
paralysis lias been observed. The animals die of cardiac arrest without 
accompanying evidence of paralysis. However, a functional depres- 
sion of nervous tissue and skeletal muscle has been demonstrated 
following the topical application of 25 m.eq. of potassium chloride 
per liter,^ In man, marked weakness of the extremities accompanied 
by paresthesia has followed an oral dose of 15 gm. of potassium chlo- 
ride.- Parestliesias after comparable doses have been reported, accom- 
panied by marked elevation of the T waves-“ and a somewhat lower 


serum potassium than that of Case 1.^- 

In the hours preceding cardiac arrest, paralysis was a striking 
feature in the course of each of the 2 patients described here. Since 
both were in uremia, substances other than potassium were also accu- 
mulating, although none of these are kno\ra to cause this type of 
paralysis. 

The loss of motor poiver in each instance passed upward over the 
extremities in an ascending order. In the first case it lasted for 24 hours 
with an interval of partial remission. In the second it was present 
continuously for 5 hours. In each it was preceded by a sense oi 
weakness and heaviness of the limbs, but by no other paresthesia or 
demonstrable impairment of sensory function. The musculature r^ 
mained flaccid, and the tendon reflexes w^ere absent- The head and 
trunk were not involved and there was no interference witla respiration 
or micturition. There was no impairment of mental functions, altliougn 
speech became tliick just before death. ^ ^ , 

An apparent indication of a relationship of this condition to increase 
serum potassium is the fact that the subsiding parab'sis in Case 
returned after an oral dose of potassium chloride, '\^^lether or no 
such was the case, the occurrence of sudden flaccid paralysis in asso- 
ciation with high serum potassium suggests that it is inaportant ^ o 
differentiate such episodes from an attack of familial periodic paralysis. 

The low^ serum potassium which occurs in familial periodic para }Sis 
is associated withECG changes unlike those described in tliese 2 cases^ 
The changes in familial periodic paralysis include brad^xardia, m 
erate block in conduction, and a charaeteristic flattening of t e ^ 
waves.-2*23 These changes disappear after the injection of atropm , 
while those from high potassium do not.’i Moreover, once it is app 
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ciated that such an attack may occur in association with an elevation 
as well as with a diminution of the serum potassium, the differential 
diagnosis need present no difficulty, since high serum potassium is 
unlikely in the absence of advanced renal failure or anuria. 

Effect of Renal Failure on the Serum Potassium. Normally tlie 
serum potassium level is controlled by the kidnej^, and any excess is 
promptly excreted. Even in the presence of somewhat impaired renal 
function, large oral doses have been tolerated. Chronic nephritics 
have received diuretic doses of 25 gm. of potassium chloride daily® 
and nephrotics, 12 gm. of the citrate and 12 of the bicarbonate dailju® 
Large quantities are routinely used in a variety of other conditions. 
Although as much as 48 gm. of potassium chloride a day have been 
given, not more than 10 gm. are well tolerated in a single dose. Larger 
amounts are followed by elevated serum levels, cardiac effects, par- 
esthesias, and an apparent temporary depression of renal clearances.*- 
Even in the advanced stages of chronic renal disease the renal excre- 
tion of potassium is sufficient to prevent the accumulation of a high 
blood level.”''® Toxic effects of potassium have been repeatedly sus- 
pected, but in the cases of evident poisoning the symptoms described 
were almost entirely those from a local irritating effect.® Early investi- 
gations of the serum potassium in severe nephritis and after experi- 
mental nephrectomy have, however, indicated elevated serum levels 
in a few instances.^® 

Recent studies have thrown new light on the relation of renal failure 
to potassium intoxication. It has been found that the survival time 
of anuric rats was decreased by a meat diet, and that the most toxic 
element in this diet was its potassium content,”^ and that a fatal 
accumulation of potassium occurs in anuric animals even if no food is 
given.'® 

As would be anticipated from this work, the jiotassium poisoning 
111 tlie cases described here was made possible by a nearly complete 
failure of renal excretion. 

Summary. Two cases of fatal potassium poisoning have been de- 
.'^cribed. In one there was a spontaneous accumulation of the serum 
IKitassium to 8.85 m.cq./l. and a further elevation to 10.50 after an 
oral dose of 4.5 gm. of the chloride. The other had been gi^•en large 
therapeutic doses for 5 days. In each there was a failure of renal 
excretion. 

The diagnosis was made by comparison of the findings in these ca.se.s 
with those, reported in experimental potassium poisoning, including 
the sermn and urine potassium levels (Case 1), theECG. and the clinical 
{•ourse. I he relationship of paralysis and of renal failure to potassium 
poisoning was discu.ssed, and the ECG changes leading to arrest of the 
heart have been shown and describerl. 

The parallel features of these 2 cases illustrating the clinical course 
of human potassium poisoning were the result of the combine<l effect 
of the potassium ])oisoning and the underlying disease. In each there 
was: _ (o) An acute uremia with oliguria: (h) recurrent nausea ami 
retching: (r) episodes of bradycardia unaewmpanied bv svmptoms r.f 
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cardiac failure or changes in blood pressure; (d) a sudden ascending 
flaccid quadriplegia without paralysis of the trunk or disturbance of 
speccli or mental functions; {e) electrocardiographic changes including 
elevated waves, absent P waves, intraventricular block, and terminal 
irregularities of the rhythm; (/) arrest of the heart in diastole prior to 
tlie cessation of respiration. 

The authors wish to express appreciation to Dr. H. E. Hoff and to Dr. S. A. Levine, 
for tlieir criticism, and to Dr. Rucker Cleveland for assistance in the preparation of the 
manuscript. 

Addendum 

Since this report was submitted for publication a third case of fatal potassium intoxi- 
cation has been encountered. The patient was a housewife of 24 who became anuric as 
a result of acute nephritis in a siiiRle remaining kidney. Flaccid quadriplegia was absent, 
but dcatli was preceded by the typical sequence of ECG changes and an elevation of the 
senim potassium level to 10,10 m.cq./l. No potassium salts had been given as such. 
The case Mull be reported in detail in a later paper. 
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The best approach to the modern treatment of early syphilis is a series 
of .short, and to some extent disputable statements indicating landmarks 
in the progress of the past 35 years. This summary is substituted for 
the narrative type of historical perspective in this review. 

The Mercurial Era. Syphilis therapy up to 1912 left the disease to 
pursue its physiopathologic course comparatively little influenced at lea.st 
by (he milder and hence most popular forms of medication — the therapy 
per os of the widely copied French school. Even mercury intramuscularly 
e.vecpt as the water-soluble salts, and the violently reaction-producing 
calomel veneered the surface of a .syphilitic infection rather than attacked 
its roots. 

The Early Arsphenamine Era. Tlie “therapia sterilisans” period or 
1-dose cure era promised by Ehrlich’s theoriziition slowly changed under 
the impact of criticism from older observers of the course of .syphilis under 
treatment. The belief that something radical, time-saving and treatment- 
shortening had been accomplished by “00(5” died hard. One dose was 
sueecoded by sneeessive dose.s as experience grew. Relatively new con- 
ceptions of “cure by stage" came into existence with curious incompre- 
honsihle offshoots such as the doctrine of chancre-excision. “Abortive 
cure, essentially the .sy.stcmatic speculative underestimation of the amount 
of treatment required by the seronegative primary stage, date.s hack to 
this era. From 191(5 to 1919 the “course” conceptions of syphilis treat- 
ment estahlishet! themselves, togetlicr with a combined theoretical and 
speculative discussion of the necessity U^t and the appropriate \ise of 
arsphenamine and heavy metal. 

The Early Evaluative Period. I'rom 1919 to 1922. an extensive litera- 
ture. unfortunately not too fatniliur to some claimants for priorities, eon- 
stuutetl the initial “.<hake-<lown” of an aeeuinulating experiential traili- 
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tion. '\Miilc limited to the serologic effects of treatment and the occur- 
rence of grossly visible forms of relapse as criteria for determining effects, 
many of the outlines along which the new era has developed were fore- 
shadowed by the reports of Gennericli/' the German Dermatological 
Society (Rost, 192I,^o Almkvist,' Bering,^ Boas,^ Hoffmann, Brack ^ 
Jadassohn,*^ Ullmann,'*' Eicke,^^ Hoffmann-Mergelsberg- Mullern-Aspe- 
gren,-'^'* Haxthausen,-® Rasch,^^ Scholtz[Silberstein-^], Satke,^' Mutschler,^^' 
Ziclcr,^^^ Briins/^ Riecke,^^ Bernard,^ Harrison^^ and others). The stage- 
of-l)eginning treatment conception received more or less precise delinea- 
tion towards the latter part of 1922, A type of foreshortened intensified 
therapy, that of Scholtz, was reported by Silberstein**- in 1923, before any 
American contributions were in the field. When American studies did 
appear, however, they rapidly established a series of important con- 
ceptions, beginning with Moore and Kemp^s^^ demonstration based on 
Keiders^° foresighted Johns Hopkins system, of the importance of con- 
tinuity in treatment, and S. W. Becker’s- demonstration at the Mayo 
Clinic of the value of massing or intensification of arsenical therapy 
the moment treatment is begun. Familiar to Americans during this period 
are the Pollitzer-Ormsb}*^’^^ variation on the Scholtz technic and other 
types of intermittent systems which lost ground after the League of 
Nations confirmation-®*"*^ of the substantial superiority of continuous 
treatment. 


The League of Nations Syphilis Commission Evaluations,* Begun 
on a massive scale in 1928 with conclusions and recommendations stated 
in 1935, this world-wide surve\' of technical methods in the treatment of 
early syphilis provides the basis for what may now be spoken of as the 
conservative or prolonged method for the treatment of early and latent 
syphilis. Under the terms of the cooperative agreement among the 
nations participating, each was individually encouraged to make the most 
of his own material in addition to contributing to the general pool. This 
rapidly brought American material into the foreground, and the contribu- 
tions of the Cooperative Clinical Groups® wor&ng under the jegis luid 
with the statistical cooperation of the Ignited States Public Health Service, 
express today what might be called the basic formula of American practice. 
From the League of Nations evaluation for which jMartenstein supervised 
the interpretations,-® two general systems of treating early syphilis ernerged 
— the British-Scandina\dan intermittent and the American continuous 
systems. A certain amount of argument has inevitably arisen over the 
suitability of the material for deciding the question of intermittence rersvs 
continuity, but on the w’hole the Commission’s finding seemed to justify 
the belief that the intermittence of the recommended intermittent system 
is more formal than actual and that its intensity especially in simultaneous 
arsenical and heavj’ metal administration, causes its effects to be sub- 
stantially those of a somewhat less intensive but continuous 
Enthusiasm for the newer foreshortened procedures (see below) shou 
not be allowed to dim the significance of this great evaluative accomphs i- 
ment, and the syphilologist of today may without hesitation subscribe o 
either of the announced conservative systems as the equal in curatne 

* Under the direction of the League of Nations Health Organization, the 
countries participated: Denmark, France, Germany, Great Britain United States 
America. The membership in 192S included Jadassohn ^®reslau). Chairman, i ^ 
fCopenha^^en), Colonel Harrison (London), Queyrat (Pans), Stokes 
Rasch (Copenhagen); Gougerot replaced Que>Tnt. Loraholt replaced 
StiKnsulIant.Vestergaard (Copenhagen). Evaluation and report hi Marten 

stein (Dresden). 
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ciVect of the more recent “ Imrry-up” systems of procedure with a sub- 
stantially greater margin of safety. 

Since the League of Nations evaluation has established such substantial 
landmarks, it may \vell be used as a milestone at which to summarize the 
high points of the progress of syphilotherapy since the close of the mer- 
curial age. The following fundamental principles have emerged from a 
quarter century of revolutionary progress ; 

1 . Early and not late syphilis is the domain of systems. Bad effects follow 
liaphazardness, short courses, low dosage and lapse from treatment in 
early syphilis. 

2. The “ si aye at which treatment is bcrpin” principle is established with 
trustworthy evidence that seronegative primary syphilis is the most easily 
cured of all stages of the disease, seropositive primary syphilis the most 
uncertain or resistant and secondary syphilis midway bet%veen the two. 

3. Relapse follows short treatment, especially arsenical, producing delayed 
secondaries, neurorecurrence, infectious mucosal lesions, serologic relapse 
and fastness. 

4. Sinyle druy treatment is inferior to combined treatment and a heavy 
metal improves arsenical results and compensates shortcomings. 

5. Prolonyation — more injections, longer courses — gives superior results 
in systems dominated by the calendar interval of 1 week. Prolongation 
and increased mass through individual and total dosage were, of course, 
attempt.s to meet the resistance of the 30 % relapsing group among early 
syphilitics at large. 

(i. Dosayc theory was spotted with empiricism. The concept of lower 
drvig tolerance of the female as compared with the male; the large versus 
small dose school; the crowding or time-dose problems represented by the 
so-cvdled intensive method; the toxicity fears (simultaneous versus alternate 
administration of arsenical and l]ea\y metal); the idiosyncrasy and tech- 
nical error factors in reaction interpretation which held down dosage, 
while reports of relapse ami resistance raised it, 

7. Calendar servitude or the domination of the 7-day interval on a purely 
empirical unevahvated basis was general. Few ventured to think in terms 
of shorter intervals or would admit their practicality or desirability. 

S. Risiny aj)j)rcciaiion of schrdnliny. It became clear that schedules 
or systems critically examined by large syphilologic centers and expert 
experience were the sound basis for treatment methods rather than the 
re.s\ilts of blood serologic tests, thus slowlv displacing the serologism of 
the. Iff2(rs. 


ff. '1 he vital comprehension of toxicity and therapeutic efficiency relations 
was dominated by the laboratory and rested on the insecure foundation 
of trypanosomiasis in mice rather than syphilis in man or animals. This 
grojip of conceptions, though expressed by impre.ssive numerical indices 
was essentially vague and inadcqiiatc. A true experimental basis for 
syphilothorapeusis did not yet exist. 

HI. Despite these sirirlures on the knnndvdye of the day, the work of indi- 
Mtlual investigators pins the Ix'.igne of Nations evaluations established 
the following facts; 

(«l . la nrsphrnainine alone con “ cure" enrhi siiphUis in a large percentage 
of cases.-' ‘ ‘ 


(/>) Deary metal is a potent anymentiny force, particnlarly true of bismuth ; 
a fuetroce5>tly '* re-sli.-icovcrtxl ” by recent rvorkers with intensive methods, 
H .Irsrnical therapy can be " crairded or “ foreshoriencfl ” without fatal 

» ect and wuh good rcstilts (Fcholtz-i?ilbcrstcin massive divide<l do<e 
systvntb 
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{(I) ConUnuiiif and calendar regularity are vitally important to the con- 
servative or prolonged systems evaluated by the League of Nations. "A 
little treatment continuously given is twice as effective as the same amount 
of treatment intermittently given. 

(e) Prolongation of treatment (in the weekly calendar or conservative 
systems) irons out most complications, relapse and resistance.^ 

if) Some important League of Nations and Cooperative Clinical Group 
jirinciples: 

(1) The curative outlook is one-third better when treatment is begun 
in the seronegative primary stage than in other stages of early and 
and latent syphilis. 

(2) The good results obtained by prolonging continuous treatment 
longer than 1 year more than double those obtained by the same 
kind of treatment carried through less than a year. 

(3) Intermittent and irregular treatment are the principal sources of 
delayed reversal of the blood serologic reaction. 

(4) Prolongation and intensification of treatment, using much 
arsplien amine and heavy metal, but especially much arsphena- 
mine in the first 3 months promotes good results. 

(5) Satisfactory results may occur with little treatment, but much 
treatment and over prolonged periods is tAvice as effective as little 
treatment if continuously applied, and 5 times as effective as 
treatment intermittently applied. 

(()) Arsplienamine is the chief factor in relapse prevention, and this 
applies specifically to the incidence of neurosyphilis (note impor- 
tance of this principle in foreshortened intensive methods). 

(7) Serologic irreversibility becomes the more marked the later in 
early syphilis treatment is begun, and the more frequently lapse 
from continuit 3 '^ occurs whether in the form of rest interA^als or 
otherwise. 

(8) A weak positive serologic reaction interrupting a series of nega- 
tives in early syphilis is a distinct Avarning of the possibility of 
relapse. 

Much of the effect! A'^en ess of the foreshortened intensiA^e treatment 
methods was predicted by Martenstein’s conclusions from the general 
League of Nations material that the employment of a comparatively 
heaA^^'^ indiAudual dosage of the arsenical and of bismuth or mercury AVith 
administration in rapid succession at the outset of treatment, leads to 
superior results. Fmthermore, approximately^ the same amount of treat- 
ment should be administered to primary as to secondary cases. 

(g) Large dosage is preferable to small; should folloAA^ a Aveight standard, 

and be without sex differentiation. . 

(h) ilaiiy of the most serious complications of treatment are due to back- 
ground causes (idiosyncratic-allergic, intercurrent infections, and technica 
factors rather than the drugs as such alone). In particular, the combina- 


tion of arsenic and bismuth is as safe as arsenic alone. 

(i) To date, no claims for the use of a heavy metal alone in the treatraen^ 
of early syphilis have AAuthstood critical cAmluation. An arsenical is essen- 
tial as a controller of infectiousness. The effect is augmented by bismu , 
and also though probably less so, by mercury. Twenty full [ 

arsenical and heavy metal appro.ximate a minimal amount of treatm 
“fection control (so-called 20-20 standard). . 

(i) The controversies over the vidividval merits of arsenicals 
so forth) have been largely submerged by the overu'helming popula } 
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inapharsen in American practice, due largely to its low toxicity, combined 
with high spirillicidal value. This has been overwhelmingly demonstrated 
in the 5-day massive dose arsenotherapy (5-day drip) and its therapeutic 
efficacy when intensively employed has also been demonstrated by the 
Eagle-Hogan animal experiments. 

Additional Basic Principles for Present and Fniure Emphasis. _1. The 
Boeck^' material underlies the principle that syphilis “ cures” itself in 40% 
of cases. 

2. A little treatment in early syphilis^® raises the percentage of cure 
another 20 % to 30 %. 

3. Intensification mid prolongation (or repetition in the case of intensive 
foreshortened methods) directed at the resistant 30 % bags another 15 % 
to 25%, depending on stage-of-beginning-treatment, for cure. 

4. The remaining 5% to 15% represents the irreducible residue of 
resistance (deficient defense, special strains and so forth) that nothing 
save time, therapeutic repetition and variation, and fever, if anything, will 
cure. 

5. Non-specific agents (fever) have important re-enforcing and curative 
effects in early as well as late syphilis— chiefly by enhancing the effective- 
ness of arsenicals faster than it increases their toxicity.® 

6. The spinal fluid examination is an indispensable evaluative and cura- 
tive check procedure more important ultimately than blood serology. 

7. /Is to observation and discharge as cured, all patients who have had an 
entirely non-relapsing course while receiving ideal treatment should be 
informed that a cardiovascular reexamination in the 5- to 10-year period 


IS necessary. 

8. The syiihilitic pregnant woman or the woman who has had syphilis 
and is believed to be cured should have her status reviewed with every 
pregnancy and safety-first requires her treatment for protection of the 
child during each pregnancy whether seronegative or seropositive. 

0. Unsatisfactory rcsidts (non-cure) are usually reviewed by the 5th year 
of observation and Padget found no less satisfactory results in any case 
after 10 or more years of observation. 

Principles Established by the Clinical and Experimental Study of Fore- 
shortened Intensive Methods. The past decade of work with intensive 
treatment methods has contributed a number of additional important 
principles to our understanding of syphilotherapy. 

1. Hyman and his co-workers'® have demonstrated that an approxima- 
tion to the total curatire dose of an arsenical can be admini.strred to a human 
betng by an intravenous infusion method (drip) without necessarily dis- 
astrous effects with a controllable though increased toxicity and with 
satisfactory results. 

2. ,4 tn.ric!ty-lhrrapcutie efiicaey relationshi}) has been worked out by 
Pagle and Hogan'^-'® on the basis of animal, and more recently human 
clinical results. Syphilis can be cured in 80% to 100% of eases (stage- 
of-beginning-treatment factor) by a total dose of 20 to 30 mg. per kilo 
body weight of an arsenoxide (mapharsen) alone. 

,3. 7 hr io.Tic{iy of such a dose is inversely proportional to the time in whieh 
this dose is given. 

4. .Iriy comhination of toxicity and time relafion.')hi]t (that is. any margin 
of safety) that practical considerations may dictate is theoretically possible, 
the mortality rising with the shortening of the time in which* the total 
dose is delivered. 


The additum of bismuth (“re-di.'covery”) greatly enhances the e fleet of 
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all foreshortened intensive arsenotherapy (informally estimated by Eagle 
as 8 times better effect with bismuth than without). " 

G. Serologic signs and symjjfoms under foreshortened procedure disappear 
gradually on a now well-recognized gradient to which *a quantitative 
serologic procedure is essential in interpretation. 

/. A wide varicfy of time and icchnical rariaiions (5-day intravenous drip 
rersas lO-da^' multiple injection, rersns 10 to 12 weeks of 2 to 3 injections 
weekly, versus 26-week schedules) with graded morbidity and mortality 
but substantially identical therapeutic outcome can be employed as forms 
of ''foreshortened intensive” systems in the name of various types of 
exigency or expedienc3\ 

8 . The vwrialiiy of the 5 -day drij) is currently” estimated at 1:200 to 

1 : 300. An^’’ schedule completed in 20 da^’s or less vdW have a mortality 

greater than 1:1000 (Eagle-Hogan) ; 10- to 12-week s^’stems have a mor- 
tality of approximately 1:1500. The mortality of 20- and 26-week sys- 
tems is not 3"et definitely known. That of reasonablj^ good performance 
of the standard conservative prolonged sj^stems is estimated b}' Hahn*^ 
(Johns Hopkins Hospital) at 1:1950; with optimum experience at 1:2800. 
It must be recalled that the mortality of conservative treatment is com- 
puted from arsphenamine and not mapharsen-treated cases. The toxicity 
of mapharsen is so low (1 death in 3938 patients^®), that a material drop 
in mortality should follow its use in the conservative s\’^stems. Lerine 
and Keddie estimate the mapharsen death rate to be h that from neo- 
arsphenamine. 

9. The foreshortened intensive procedvres (up to 12 weeks) great^v reduce 
the incidence of neuros^qjhilis. 

10. The justification of the foreshortened procedures except for their 
apparent efficac3^ in the prevention of neuros3"philis (spinal fluid abnor- 
mality) is in the main still one of emergenc3" and expedienc3". The ultimate 
results are obtainable b3^ the older slower methods with less risk of life. 
What effect this will have on their post-war use remains to be seen. 

In a discussion of the basic principles of S3^stem evaluation applicable 
to foreshortened intensive methods, Stokes^^ wrote as follows: 

" An3'’ new s3’stems proposed should be judged basicall3^ 63' their abilit3' 
(a) to equal or surpass the 'curative’ expectanc3^ of the old ones; (u) to 
lead to less infectious relapse; (c) to reduce the incidence of cardiovascular 
and neuros5q)hilis, and (d) hy their relative risks to the patient. 

"For the evaluation of a S3^stem, time and observation are necessar3' to 
establish reduction of, or absence of relapse and progression. For the 
former, 2 to 4 years; for the latter, up to 10 3"ears is a reasonable observa- 
tional requirement. For decision on relapse the patient must be repea - 
edty and frequentty observed, for it is a come and go affair. For tie 
evaluation of ' cure,’ from a decade to a lifetime, the longer the better, is 


required . 1 

“A system which under such scrutiny has shouTi itself at least eqiia 
to its predecessors may then proceed to claim additional advantage an 
support for a variety of reasons, including cheapness, rapidity, controlla- 
bilitv of the lapse factor because the whole job is finished in a ’ 

aid in the uddening of availability of treatment by making . 

treatment of more persons per unit of time, i^fec- 

Such considerations are in the mam secondary to those of control ot 

*’°“I°Sli-^s%tem equal? the old or surpasses it in all 

it has but one more hurdle to make before achieving pnontj . 
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primuni non noccrc is losing some of its meaning in a war-toi’n world, there 
are still arch conservatives who are inclined to examine critically the bad 
effects, the complications of a system. Of real importance to the victim 
are the risks involved, the chances of damage or of death from treatment 
in the case of a disease which with none or very little treatment gives the 
victim at the outset a 40 to 70 % chance of escape from serious conse- 
quences. If an equal chance of escape with an older method offering less 
risk exists, only the most cogent reasons and a free choice by the patient 
of the more dangerous method justify its election/' 

The Conservative or Prolonged Standards of Treatment for Early, Early 
Latent and Late Latent Syphilis, It is now in order to summarize what 
may be called the official" or most widely authenticated and accepted 
systems for use in that phase of the disease which permits of systematiza- 
tion in procedure. While it is impossible, with the rapid changes taking 
place in syphilotherapy, to predict how long such systems will have a 
following, it should be clearly understood that they are effective, and will 
do all that the foreshortened systems will, with a very much greater 
margin of safety. To the British-Scandinavian intermittent system® 
(which must be exactly followed, diagram in hand) and a slight but now, 
for American practice, ''official" modification of the American continuous 
(League of Nations) system, the "30-60-03,”^^ is added the as yet un- 
proved and unevaluated but rational "Army Plan" recommended to the 
Surgeons General by the National Research Council and publicized in 
Circular Letter No. 74. The conservative systems are still, we believe, 
the backbone of modern practice, the basis of much of our present knowl- 
edge of mechanism and effects, and likely to be displaced completely onlj^ 
by certain radical changes in the whole chemotherapeutic attack on the 
disease such as are aft*ecting the pyogenic infections, gonorrhea, etc. (the 
sulfonamides, penicillin). 

TIir Bnii^fli-iScavdinavian {League of Naiion^s) Sy^ifem: Plan of Courses 
of Injeefion. 

A rourse consists of 8 weekly injections of neoai*sphenaminc (0.6 to 0.75 gm. 
each) or arsphenamine (0.4 to 0.5 gm. each) given simultaneous^^ with 8 weekly 
injections of an insoluble bismuth compound (0.2 to 0.24 gm. bismuth metal each) 
and followed by 2 more weekly injections of bismuth compound. An equivalent 
amount of a mercury preparation may be substituted for the bismuth (inunctions 
for 40 days at 3 gm. of unguentum bydrargyri or injections of 70 mg. of mild 
mercurous chloride or 120 mg. of mercuric salicylate, etc., suspended in a suitable 
Inise). It is recommended that: 

(n) In cases which remain or become serologically negative during or by the end 
of the fimt coui'se, 4 such courses be administered, with intervals of 3 to 5 weeks 
lietweeu anv 2 courses. 

{b) In cases which have not become seronegative by the end of the first course, 
m addition to the amount of treatment shown in (a), further courses .should be 
administered until the patient has received as a minimum 3 beyond that which 
has endetl with negative scrum reactions. At the option of the individual clinician, 
this treatment may he proloiiged as may he considered nccossarr, 

(c) Cases presenting signs of clinical relapse of an early typo should be dealt 
''ith on pnnci])les similar to those enunciated in (h). 

lor non-pregnant females, treatment should be administered on the plan oiit- 
Hta'ii for men, with tlu' exeeption that tlie single dose of neoarsphenamine should 
he nnhuaxl by 0.15 gm. and that of arsphenamine by 0.1 gm. 

In the event of any rcnluction in the amount of treatment being indicated, it 
r\H»mn\eudod that this he effected hy reducing tlie numhiT of arsenical injections 
mtlier tlian hy reducing the individual doso or increasing the inter%*nL. 
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YV/r Aincncan Contimmis System: The ''30-G0-O3'' ''Official Modifi- 
cation, Circular Letter No. 18 of the Surgeon GencraVs Office, U. S. Army 
The published work of the United States Public Health Ser\ace and the 
Cooperative Clinical^ Group in the United States has indicated that con- 
tinuous^ treatment with an effective arsenical alternating with bismuth on 
a definitely^ defined schedule with calendar regularity and without rest 
periods during the arsenical phase is the optimum conservative technic 
for the treatment of seronegative and seropositive primary syphilis, 
secondary’’ syphilis, and early latency (within the first 4 years of the 
infection when the duration is known). An essentially" similar standard 
of treatment employing 606, parallel with an acceptable intermittent 
(British-Scandinavian) system of treatment employing neoarsphenamine, 
has been recommended by the Commission on Syphilis and Cognate Sub- 
jects of the League of Nations as a result of an extended study of an inter- 
national statistical material. It may therefore, it is believed, be accepted 
as Im^dng the support of authority. 

For mnemonic convenience, the designation, 30-60-03'* is suggested, 
for the standard system for early and early latent syphilis;*^ the “30** 
representing the number of arsenical injections; the ‘‘60” representing 
the number of weeks of bismuth therapy, equivalent to 60 injections of 
bismuth subsalicylate, and the “0” and “3” representing respectively, 
no rest periods, and 3 years of combined treatment observation. By 
“ treatment observation ” is meant the total elapsed time from the institu- 
tion of treatment in accordance vdth this schedule until the patient is 
discharged from observation as presumptively cured. 

Since the sequence of various types of treatment in this system, the pre- 
vention of relapse by" overlapping of heavy metal and arsenical therapy", 
the serologic controls, the spinal fiuid examination, all are integral parts 
of the treatment sy"stem, the following diagram is offered as presenting 
these various relationships. 


The ‘*S0S0-03'' for Early Syphilis. 

30 neoarsphenamine or mapharsen injections, 60 weeks of bismuth injections. 

NO rest intervals in the arsenical phase, 3 years of treatment observation. 

0 = neoarsphenamine or mapharsen; x ~ bismuth subsalicylate; weekly" intervals. 
A1 B2C 3 4 D 

i I i I ^ i ! 

00000000 0000 i 0000 i 00000000 000000 I 

xxxxxx xxxxxx xxxxxx xxxxxxxxxx S weeks rest 

5 

xxxxxxxxxx S weeks rest (and continue this intermittently to a total of CO bismuth 
injections). 

A = first 3 injections compressible into 10 to 14 days. Some risk of increased re- 
activity. 

B = average case seronegative, 16th week. 

C = Examine spinal fiuid if blood is still positive, 24th week. 

D = Always insist on spinal fluid examination before rest period. 

1 = if blood test has become negative, suspect low resistance. 

2 3, 4, 5 = if '^'eak positives appear among negatives, suspect relapse, neurosyphihs. 


The *^30-60-03^' schedule as thus presented can be drawn up in **verticar as 
listinguished from the above “horizontar' arrangement, week by week, for printing 

lirpctlv on record forms. ^ , i,, 

tL published observation of the USPHS-CCG group on the treatment oi 
;vph4 indicated that the “30-60-03” schedule could be most effect.^Iy appi ed 
o^sproneeative primary sj-philis and fully developed secondary siTh'*'®- *. 

f sprnnositive primarj' syphilis, whose status should be confirmed in t 

of b,ood *,• f.iio.™« «»• 
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arsenical injection, there were definite indications that the seropositive primary 
piiase of the disease, lacking the development of a full-fledged immunity reaction 
on the part of the body was the most resistant to cure, and the most prone to 
relapse of the 3 groups of cases included under the designation, “early syphilis.” 
It has accordingly been proposed that in seropositive primary syphilis and initially 
negative primary syphilis which becomes seropositive on the blood immediately 
following the institution of treatment, a “40-80-04” system be emploj'ed, meaning 
thereby an additional 10 arsenical injections and 20 bismuth injections and another 
year of observation over and above the standards proposed as generally applicable 
to early and early latent syphilis. This extension of the arsenical phase of treat- 
ment can take the form of 5 courses of the arsenical of 8 injections each, in place 
of the 3 courses of 8 and 1 course of 6 injections in the “30-60-03” system. The 
bismuth therapy may follow the usual 2-injection overlap, plus 4 additional injec- 
tions in the arsenical intermission that is employed in the “30-60-03”; the remain- 
ing bismuth injections to complete the 80-week standard, being continued in 
10-injcction intermittent courses after the completion of the arsenical phase of 
treatment. 

The 26-Wcek Army System. The diagram is adapted from Circular Letter 
No. 74, Surgeon General’s Office, U. S. Army. 

Week Arsen oxide Week Bismuth 

2 Bismuth subsalicylate 

3 ^ intramuscularly once 

4 a week, 5 injections 

5 

0 Omit bismuth subsalicyl- 

7 ate 5 weeks 

8 
9 

10 
11 ' 

12 

13 Bismuth subsalicylate 

14 once a week, 6 injec- 

15 tions 

16 
17 

IS Omit bismuth subsalicyl- 

19 ate o weeks 

20 
21 
22 ^ 

23 Bismuth subsalicylate 

24 once a week, 5 injec- 

25 tions 


Dosage. Arsenoxide, 0.05 to 0.07 gm., based on patient's weight. Bismuth 
subsalicylate, 0.2 gm. (Forty injections arsenoxidc— 16 bismuth subsalicr-late.) 

Serologic Control of Treatment. In patients with early .sypliilis treated with the 
Army system, a serologic test will be done at the beginning and end of the schedule 
of treatment outlined but treatment may be stopped whether the serologic reac- 
tion for syphilis is positive or negative. After the completion of tro.atmcnt the 
serologic tests shovild be repeated 3 and 6 months later. If the reaction is negative 
after 6 months, the case may be cla.ssified as “result satisfactorj'” and the Syphilis 
/wgif/rr may be closed. If the test is positive after G months, the patient should 
be n-ferred to a station or general hospital. 

In patients with latent syphilis the serologic te.-t.s should be repeated at the 
completion of the treatment outlined, but the Syphilis lieaistrr mav be closed when 
this treatment is completed, reganlle.^s of the result of the serologic test. 

Spinal jUiid esaminnlion should be performed in a hospital in patients with carlv 
syphilis at the end of the wurse of troatment outlined, or as soon as po.-sible there- 
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after, but ni any event before the Si/philis Register is closed. In apparent latent 
syphilis, spinal fluid examination should be performed in a hospital before treat- 
ment or as soon as possible thereafter, but in any event before the Syphilis Register 
is closed. 


A System of Treatment for Latency— '' 2^-60-100 phis.'* Before defining 
a system by which adequate treatment of latency may be judged, it must 
be reemphasized here that the latency implied is ^^monosymptomatic 
seropositive latency’^ in which absolutely no clinical evidence of syphilis 
can be identified on complete physical examination except the positive 
and confirmed — and confirmable — blood-seroIogic reaction for the disease. 
An adequate e.xamination of the spinal fluid is necessary to establish the 
fact that a seeming latency is not complicated by asymptomatic neuro- 
syphilis. A patient who has been adequately treated for an early syph- 
ilitic infection but who still remains seropositive on the blood in order to 
be considered as in monosymptomatic seropositive latenc 3 ^ (serologically 
fast) should have had a negative spinal fluid 1 ^^ear after the close of his 
treatment for earlj" sj^philis, and if more than a 3 ^ear has elapsed since the 
cessation of such treatment, a repetition of the spinal fluid examination is 
desirable. A long series of negative spinal fluids is not necessary to the 
establishment of the status of monosymptomatic seropositive latency, for 
according to USPHS-CCG observation, more than 1 or 2 repetitions of a 
negative fluid in the absence of any developing clinical signs is xuinecessary. 

The latency of a sy^philitic infection is divided arbitrarily into an early 
and a late period, partly^ because of the greater risk of infectious relapse 
and other types of recurrence in early^ latency’', and partly because of the 
presumed better outlook for complete arrest if not cure in the earlier years 
of the latent period. The dividing line between early^ and late latency 
has tended in American practice to be the fourth year of the disease. This 
is an arbitrary’^ setting which may in the judgment of an expert, be varied 
one way’' or the other. A y^oung and robust person whose infection is of 
5 or even 6 years presumed duration may’' be advised to accept the standard 
for an early infection in his treatment. On the other hand most genuine 
latency’^, after the 4th y'ear, shows relatively little tendency’' to progression, 
and may be treated by’' a standard substantially’' lower than that proposed 
for the radical cure of early^ infection. 

The treatment of early latency^ (jfirst 4 y’'ears of the disease) is that of 


early^ sy^philis — the “30-6(>-03’’ sy’'stem. 

The Cooperative Clinical Group’s^^ experience has indicated that for 
the treatment of late latency’^ (after the 4th y’^ear) 3 courses of 8 injections 
each of an effective arsenical given in continuity and alternation vnth 
10 injections of bismuth subsalicylate, without overlap and vrith con- 
tinuity’’ extending only through the arsenical phase, constitute an adequate 
beginning. The continuous treatment ndth arsenical and heavy metal 
is then followed by’’ an intermittent and prolonged treatment vdth bismut i 
alone which should total, including the three 10-injection bismuth courses 
0*1 ven with the arsenical phase, not less than 60 weeks of bismuth ' 

Further treatment vnth. bismuth to the extent of SO weeks, or even lu 
weeks, or on the basis of 80 weeks, plus “ a course a year’’ for several years, 
was found to increase appreciably the good results by the criteria em- 
ployed. It is not necessary, however, in judging candidates for admss>o 
Iyi tVip spr\dces to insist on prolongation of the heavy metal phase bejon 

tL 60 h ^eek. Approx^^^^^ 70% of monos.nnptomatic seropos, .ve 

expeSed to reverao to negative on the blood for an indeS- 
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nite period following a 24-60 course, and the failure of the remaining 30% 
to reverse may be regarded as no bar to eligibility. 

As a general principle, late latent cases remaining seropositive after a 
24-60 course should be observed at intervals of a year or two with physical 
examination and appropriate tests for evidence of cardiovascular progres- 
sion and. ultimate neurosyphilitic involvement. 

It should be emphasized that late latency is usually much overtreated 
on the basis of fluctuating positive blood serologic reactions alone, or be- 
cause of conflicts between the results of various laboratories (^‘serologic 

discord '0' 

Massive Dose, Foreshortened Chemotherapy of Eealy Syphilis, Description 
oi Procedure, Indications and Contraindications. All methods of intensive 
therapy are intended for patients with early syphilis (primary, secondary, 
relapsing secondary, and early latency) who have received little or no 
previous therapy, who are robust young people, especially men, reason- 
ably free from serious visceral disease, particularly hepatitis, myocarditis, 
severe hypertension, nephritis, excessive alcoholism, blood dyscrasias, 
active pulmonary tuberculosis, and history of previous serious arsenical 
reaction. Although it is safe to administer sulfonamides simultaneously 
with conservative prolonged therapy and even with the 12-week system, 
it is unsafe to give sulfonamide therapy for gonorrhea or other conditions 
to patients receiving 5- to 10-day intensive therapy. 

]*re-lreahnc7it liotdine {All Methods of Intensive Chemotherapy) (after Leifer, 
1910^^). The routine examination consists of the following: i. Daily urinalysis, 
irwluding determination of urobilin. 

2. Determination of the urea nitrogen content of the blood and the icterus index. 

3. Complete blood count, including that of the platelets. 

4. Complete physical examination on admission. 

0 . Serologic examinations made in 3 different laboratories (these include the 
Kolmer, Kline diagnostic, Kline exclusion, Kahn standard and titered Wassermann 

0. Dark-field examination of material from all open sores. 

7. Estimation of renal function by determination of tlic specific gravit}^ of the 
urine. 

5. Special tests of hepatic function by the bilirubin method. 

9. Studies of the excretion of arsenic in the urine and in the stool and its eon- 
cetUration in the blood (optional; for study purposes). 

Technic of 5-Day Intravenous Drip (Chargin, Hyman, Loifer^^) (after Committee 
on Massive Drip Intravenous Therapy, 1940). Materials' 1. Xeedle—deep injec- 
tion type, No. 20, inch length. 

2. Diluent— 5% dextrose solution. 

3. Drug— mapharsen (arsenoxidc), ampoules 0.04, 0.06, and 0.06 gm. 

4. Glass gravity cjdinder, 300 cc. capacity with attached rubber tubing, glass 
drip chamber, adaptor for needle. Vacolitcr or similar container may be used 
instead of apparatus described (L. W. Shaffer). 

6. Adhesive or Scotch tape {I inch width). 

Dosage of Mapharsen: 1. Total dosage for the 5-day treatment period is deter- 
mined by Uic stripped weight of the patient. In patients weighing less than 
fO kg, (155 pounds) the total dose is 1000 mg. (1 gni.); in those weighing 70 kg. 
or more, the total dose of mapharsen is 1200 mg. (1.2 gm.). 

2. The daily dose is 200 mg, (0.2 gm.) for patients receiving a total of 1000 nig 
(I t:m,). 

3. llie daily dose is 240 mg. (0.24 gm,) for patients receiving a total of 1200 mg 
(1,2 gm,). 

4. If a patient receives less than the intended daily dose (this will most often 
occur on the first d.ay of therapy), the deficiency in das.age mav then be spread over 
the nmiaming <lny.< of tn\atment. Thus, if the patient receiv(>s 120 mg. (0.12 gm.) 
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the first day instead of the intended total daily dosage of 240 mg. (0.24 gm.) he 
may be given 30 mg. (0.03 gm.) additional on each of the succeeding 4 days of treat- 
ment. 

Procedure: ^ Site of Election for Insertion of Needle, After cleansing of forearm 
and application of a tourniquet above the elbow to distend the veins, the needle 
is attached to a 2 cc. Luer type sj^inge and inserted in a vein on the forearm, 
usuall}^ anterior or outer aspect, between elbow and VTist, to allow movement at 
these articulations. Needle should be inserted into vein up to the hub, a gauze 
sponge placed beneath the needle hub, and the needle fixed in place with adhesive 
(or Scotch) tape. Alternate arms used on succeeding days. 

The adapter of the intravenous set is attached to the needle (after the adapter 
has been freed of air bubbles) after the removal of the tourniquet, and the solution 
is allowed to flow rapidly until 10 to 15 cc. have entered. Should an 3 '^ swelling 
or infiltration be noted about the needle point, the flow should be stopped; the 
needle removed, and reintroduced into a different vein in the same or opposite 
forearm. The rate of flow is regulated by the fine adjustment clamp so that solu- 
tion enters at a speed of about 50 to 60 drops per minute; thus, the entire quantity 
of 2000 cc. will require 8 to 12 hours for introduction. 

Addition of Bismuth to Massive Dose Technic, Since July, 1941, L. W. Shaffer 
has been using bismuth concurrently with the arsenical. It may be used as follows: 

Dosage of Bismuth With Intravenous Drip Method: 1. Suspension of bismuth 
subsalicylate in oil is employed. 

2. The patient should receive 0.2 gm. bismuth subsahejdate (0.13 gm. bismuth 
metal) intramuscularly as soon as the diagnosis of early S 3 "philis has been confirmed. 

3. The second dose of 0.2 gm. should be given on the 3d da}" of treatment, the 
third dose of 0.2 gm. on the 6th day and a fourth dose of 0.2 gm. on the 9th day, 
before discharge. 

Method of Preparing Arsenoxide Solutions, Mapharsen (arsenoxide), 0.01 gm., 
is dissolved in 100 cc. of 5% dextrose solution. Usual procedure is to prepare 
500 cc. of such solution, containing 0.06 gm. mapharsen — this is enough for 3 hours 
of treatment. 

When the Vacoliter containing 2000 cc. of 5% dextrose is used, the total daily 
dose of 0.24 gm. mapharsen (arsenoxide) is prepared the first thing in the morning 
and the solution allowed to run in, in the 10 to 12 hour treatment period. 

This has been the practice in one institution. The preparation of the drug for 
the 10 to 12 hour period all at once has simplified the technic to a great extent. 

Variants in Usual Procedure: 1. Primary’’ fever on the 1st day (Herxheimer)— 
therapy is stopped if temperature reaches 101.4° F. or more. This usually happens 
betw"een the 6th and 8th hour; by the time patient may only have received from 
0.12 to 0.16 gm. mapharsen. The practice has been to compensate for this insuffi- 
cient dose in the following manner: 1st day — 0.12 gm. mapharsen (arsenoxide), 
2d day — 0.28 gm. mapharsen (arsenoxide); 3d day— 0.28 gm. mapharsen (arsen- 
oxide); 4th day — 0.28 gm. mapharsen (arsenoxide); 5th day— 0.24 gm. mapharsen 
(arsenoxide). 

2. Clinical jaundice — when this appears in the course of treatment, the procedure 
should be interrupted. It has only been seen once in all cases studied (Com- 


mittee report). , 

General Medical Care During 5-Day Intravenous Drip. Routine soapsu^ 
enema should be given the night before treatment is begun, to obviate the 
for bedpan, and whenever thereafter indicated. According to LeifePs (1^^| 
description: ‘*The nursing problem during the period of treatment ° 

the preparation of fresh solution for each patient at the end of 2 or 3 hours and e 
refilling of the gravity flask. Meals are served on the ordinaiy" bed tray. Patients 
can feed themselves. They are also capable of handling the urinal but, natural } , 
must be assisted somewhat in the use of the bedpan. The latter disturbance m 
be prevented by having the patient evacuate or have an enema during the even g. 

when treatment has been discontinued. , u u 

“The patients are given a high calory diet, rich in starches and carbohjdrat«. 
The r^SSy o?the patients read, listen to the radio, or play cards dunng the d^ . 
Ip th^ evei, after discontinuance of therapy, they may get out of bed. Thej 
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suffer little or no discomfort. Many of them register a gain in weight of as much 
as 10 pounds (4.5 kg.). This gain in weight is not due to any appreciable edema 
but may be explained by the fact that most of these patients otherwise under- 
nourished, are so well treated with regard to food and nursing care.” 

Technic of 10-Day Mnliipk Injeciion Iniemive Therapy for Syphilis.^^ With 
this treatment system patients need not be confined to bed, but they should be 
treated in the hospital and observed for at least 2 days after the last injection of 
mapharsen (arsenoxide). Routine ward diet may be employed. 

Two injections of mapharsen (arsenoxide) are given daily for a 10-day period. 
The injections are given in the morning and evening of each day, 10, or preferably, 
12, hours apart. Schoch, however, has given single injections of 100 to 120 mg. 
daily as an ambulatory procedure. Dosage is governed roughly by weight. 
Patients weighing 50-70 kg. (110 to 154 pounds) should receive 0.05 gm. of maphar- 
sen twice daily for 10 days. Patients weighing between 70 and 90 kg. (155 to 
200 pounds) should receive 0.06 gm. of mapharsen twice daily for 10 days. The 
dosage may be increased to 0.070 gm. in each injection for patients weighing over 
90 kg. (200 pounds). Each dose of mapharsen (arsenoxide) should be dissolved in 
from 8 to 10 cc. of distilled water. The solution should be aerated and rapidly 
injected, intravenously, promptly after preparation. In cases where solutions are 
made in bulk, individual doses should be given within at least a 2-hour period 
after preparation. 

On the 1st, /,fh, 8lh and 12lh days, 0.2 gm. of bism\dh subsalicylate in oil shoxdd 
he injected deeply into alternate gltdeal imiscles. 

Thomas and his associates of Bellevue Hospital combine fever therapy with the 
intensive multiple syringe technic (1941, 1943). The risk of serious cerebral 
accidents with this method increases with the amount of arsenoxide (mapharsen) 
given. Tlie addition of fever does not prevent cerebral reactions but lessens their 
frequency by necessitating a lower dosage of arsenical. 

Reactions from, 5- to 10-Day Intensive Therapy and Their Management. 
Minor Reactions: 1. Pain in the arm: cold wet dressings, ice-bag, aspirin, 
codeine only if pain is severe. 

2. headache: aspirin or codeine usually gives prompt relief. If 
•headache is severe, increasing and persistent, consider this as possible 
prodrome of toxic encephalopathy. 

3. Nausea and vomiting: give only fluids by mouth, and sedation if 
necessary. If persistent, discontinue treatment temporarily. May give 
0% or 10% dextrose solution alone intravenously. 

4. Primary fever: sharp rise in temperature occurs on the 1st day of 

treatment especially with intravenous drip. It is usually almost normal 
by evening, and normal by the next day. If the temperature goes above 
101.4° F. discontinue drip for the day. Next day, drip may be rein- 
stituted, practically always without recurrence of fever; this early fever 
need not cause omission of the second dose when multiple s.\Tinge method 
i^. J’rimary fever is ustially accompanied by a flare-up of the syph- 

ilitic lesions (Her.xheimcr reaction, therapeutic shock). Symptomatic 
treatment may be used if necessary. 

o. Sectmdary fever: secondary rises of temperature in excess of 101° F. 
at ajiy time after the first day of treatment are an indication for interrupt- 
uig therapy because secondary fever is sometimes associated with a mild 
toxieoderma. Most often in the 5-day treatment the fever occurs on 
the last evening of therapy. Mapharsen should not be given again until 
the temperature is itormal. If fever recurs when treatment is reinstituted, 
elforts at intensive therapy should be abandoned entirely. 

If the patient has received at least a total of SOO mg. (O.S gm.) of maphar- 
sen (arsenoxide) before the appearance of fever, intensive arscnothcrapv 
fiy any .system should not be reinstituted. In this case all further arsenical 
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therapy may be omitted, but the patient should receive a total of at least 
12 weekly intramuscular injections of bismuth subsalicylate before all 
treatment is stopped. 

Symptomatic treatment for this reaction may be used, if necessary. 

^ G. Toxkodcpna: usually appears in the post-treatment period on the 
yth day, and is often preceded by and accompanied ^rith fever. The type 
is most commonly morbilliform, scarlatiniform, or urticarial, and there is 
no exfoliation. This is not arsenical exfoliative dermatitis, and is not a 
serious sensitizing reaction. The rash usually fades in U to 4 days without 
therapy. Symptomatic treatment may be used, Avhen indicated. 

Since this reaction does not usually occur with the intravenous drip 
method until all treatment has been completed, it has no bearing on inter- 
ruption of such treatment. When the 10-day multiple injection system 
is used, the occurrence of this ^'9th-day erythema'’ is an indication for 
interrupting treatment. This reaction ma}" be associated (rarely) with 
toxic enceplialopatliy, and continued treatment may increase the risk. 

7. Renal damage: usually insignificant, consisting of minor traces of 
albumin, occasional red and wdiite blood cells. No treatment is needed. 
Marked albuminuria or hematuria is a signal for discontinuing treatment. 
S. Peripheral ncuriiis: rarely encountered, and only in the post-treat- 
ment period. Usually manifested only by subjective symptoms, most 
often paresthesias. Objecti\"e changes are rarely encountered, and only 
sensory in type, never motor. The process disappears spontaneously. 
This reaction w^as common in the cases treated early by the 5-day method, 
probably because of immobility of the arm and the use of a drug too toxic 
(neoarsphenamine) for such a method. 

9. Niiriioid reaction: rarely observed witli multiple injections or wi'th 
the intravenous drip procedure, unless the rate of flow" of the latter is 
inordinately fast (mapharsen [arsenoxidej is w’ell knowm to produce this 
reaction only rarely). 

10. Precordial oppressioti (Falk and Rattner, 1942; Prats, Veras and' 
Haraszti, 1942): this occurs occasionally wdth 5-day treatment. Discon- 
certing but not frequent or serious. 

Major Reactions: 1. Severe headache: especially tow^ards the 4th or 
5th day of treatment, the occurrence of severe, persistent and increasing 
headache not readily reliex'ed by aspirin or codeine should be viewed as 
of possible serious import (prodrome of toxic encephalopathy). It is best 
to discontinue intensive therapj- and after a rest interval from all arsenical 
therapy of at least 4 w^eeks (this rest period to be occupied wnth w-eekly 
bismuth injections) to place the patient on the standard or 26-w’eek treat- 
ment schedule, the duration of w"hich may be shortened to the extent of the 
mapharsen dosage before the reaction occurred {e. g., if the patient received 
a total of 400 mg. mapharsen before the reaction, 1200 mg. additiona 
should be given by injections twice w'eekly with bismuth added as in the 

standard schedule). ^ „ r 

2. Jaundice: this is an uncommon complication and calls for discon- 
tinuance of intensive therapy. No instance of acute yellow- 
occurred although Rattner and Falk (1942) ob 
hepatitis with other \isceral damage (see below-) 
this reaction, the patient may be given intravenou 
high carbohydrate-low fat diet, and injections of 
cally. Intestinal elimination should be encourag 


Tea a case ui 
For the treatment of 
0% dextrose solution, 
er extract therapeuri- 
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3. Blood dyscrasias (especially purpura or bleeding from any part of the 
body); rarely encountered, but necessitating permanent discontinuance 
of all arsenotherapy. IVeatment usually consists in blood transfusions. 

4. Exfoliative dermatitis: rarely, if ever, encountered. Requires per- 
manent discontinuance of all arsenotherapy. Symptomatic treatment, 
dextrose intravenously, and liver extract. 

5. Encephalopathy: women are especially susceptible. This reaction 
may be manifested by severe headache, vertigo, tremor, fever, unusually 
severe nausea and vomiting, mental confusion, disorientation, and apathy: 
by single or repeated convulsive seizures, and by prolonged chorea. In 
serious instances hyperthermia usually supervenes and death may result. 
May occur on the 3tli to 5th day of treatment, or not until the 6th or 
7th day; rarely thereafter. Often preceded by headache of increasing 
severity (see above). There is no means of anticipating this reaction 
(Thomas, Wexler and Dattner, 1942). In mild cases, the suspicion of 
toxic encephalopathy should be checked by examination of the spinal 
fluid for cells, globulin or increased protein. If such tests are positive, 
further treatment with arsenical drugs should be abandoned. If the .spinal 
fluid is normal, treatment may be resumed if the symptoms have com- 
pletely disappeared and the temperature is normal. 

Treatment of this serious reaction is of uncertain value but the prog- 
nosis is not as bad as is usually assumed (Chargin, 1940). Suggested 
procedures include (1) repeated drainage of spinal fluid (20 to 40 cc.) in 
repeated taps daily; (2) dehydration by use of intravenous 50% sucrose 
solution, 50 to 200 cc.; (3) sedation is of value in all cases. Where symp- 
toms are mild, any of the barbiturates may be used by mouth. If convul- 
sions occur, sodium amytal 0.24 gm. (3f gr.) may be given intravenously 
or intramuscularly (this dose may be repeated every 2 to 3 hours for 
.several doses if convulsions occur or the patient is restless; (4) adrenalin. 
O.xygen inhalations may also be given. Sodium thiosulfate is of no value 
(Chargin, 1940). 

(). Severe renal injury (rare); Thomas and his colleagues (1943) have 
reported acute nephrosis in patients receiving short arsenical and pro- 
longed fever treatment but no particular renal damage occurs in their 
patients treated with the multiple injection method (10- or 6-day). Ratt- 
ner and Falk (1942) reported a severe case with acute glomerulonephritis, 
anuria, uremia, hepatitis, ileus and pericarditis in a patient treated by the 
Tj-day method. This is rare. 


Posl-trcatmcnt Routine After o to 10 Daij Intensive Theraprj (to be carried out 
before discharge from hospital). (1) Complete physical examination. (2) Labora- 
tory studies, (n) Titered l)lood serologic test for syphilis, {h) Complete urine 
ai\alysis. (c.) Complete blood count (hemoglobin, red blood cell and white blood 
cell count and differential), (d) Other laboratory proeedvires (icterus index, serum 
bilirubin, urobilinogen, non-protein nitrogen whore indicated). 


Outline of Pro}med 12-ireek Sehedule of Modified Inteimre Treatment 
(I'lnglc, 1943). Patients arc to be treated with mapharsen (arsenoxide) 
3 tinu'.s weekly (Monday, Wednesday, and Friday; or Tuesday, Thursday, 
!U\d v^aturday) at the following dosage scale: le,ss*than 120 pounds (55 kg.’)’ 
50 mg.; 120 to 15.5 pounds (55 to 70 kg.). GO mg.; greater than 155 pound.s’. 
Treatment i.s to continue for 12 weeks or to u total of 3G injections. 


ro me. 


ttospitahzation is not lu'cessary, and patients arc to be treated on “dutv 
Status." Patients are to ret'eive intramuscular injections of bismut’h 
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subsalicylate (0.2 gm., equivalent to 0.13 gm. of metallic bismuth) once 
weekly throughout the course of mapharsen (arsenoxide) treatment, to a 
total of 12 injections. 

Folloiv-up Observation After All Methods of Intensive Chemotherapy. 1. Patient 
should be reexamined at montlily intervals for 6 months. 

2. This reexamination should include a complete physical examination with 
special attention to the mucous membranes of the mouth and tliroat, the genitals 
and the perianal region for easily overlooked evidences of infectious relapse. 

3. Quantitative blood serologic tests for s^^jhilis should be performed monthly 
for 6 months, and then at the 9th and 12th month. (The blood serologic reactions 
usually become negative at the 12th to 16th week after the start of treatment). 

4. Examination of the spinal fluid should be done, if feasible, sometime between 
the 6th and 12th month. 

5. The patient should not receive any further anti“S 3 ’philitic therap}^, except as 
specifically set forth under ‘‘management of the unsatisfactory case.” 

Management of the Unsatisfactory Case. A patient w’ho has become clinically 
“cured” and serologically negative and remained so until the 12th month of 
observation, and in whom the spinal fluid is negative, ma}’' be discharged from 
observation as a “satisfactory result,” Should such a person return at a later 
date wdth a new dark-field positive lesion, this ma^^ be considered as a new infec- 
tion and the patient may be re-treated in the original manner (Schoch, 1943; 
Moore, 1943; L. W. Shaffer, 1943). A case must be considered as unsatisfactory 
or a treatment failure, if: (a) There is definite objective evidence of infectious 
relapse, corroborated by a positive blood serologic reaction for syphilis, and if 
possible by positive dark-field examination. (6) There is incontrovertible evidence 
of serologic relapse vdthout clinical relapse, i. e., the patient^s blood serologic 
reaction has dropped to negative or near negative and then to persistentlj’’ strongly 
positive (this is best interpreted by a quantitative procedure), (c) Reagin fast- 
ness, i. e., where the blood serologic reaction for s 3 T)hilis has never reverted to 
negative but remains persistently positive (preferably determined b}" a constant 
titer of quantitative tests) for a 6 months period after treatment. 

The unsatisfactory case (infectious relapse, serologic relapse, seroresistance, and 
the new infection) may be re-treated by intensive therapy except in the event of 
serious reaction from the original treatment. The results of intensive re-treatment 
of the unsatisfactory case have not been fully evaluated, but appear to be less 
satisfactory’' than original treatment. 


Special Considerations Concerning Early Syphilis Treatment. Critena 
of Adequacy of Treatment for Syphilis, The answer to this question 
depends fundamentally upon the definition of "adequac 3 %^^ If by 
quacy is meant the securing of a condition of non-infectiousness in an 
infectious case, one kind of answer Tvdll be appropriate; if adequacy is to 
be interpreted in terms of clinical or of radical cure, another answer 
be appropriate; if adequacy means the placing of an infected individual at 
one or another tyqie or stage of involvement in syphilis on asymptomatic 
status that will permit of full or limited service in the armed forces, still 
another answer is necessary. The subject is dealt with under each of 
these three heads briefly as follows; ... ^ _ 

Treatment of Non-infectiousness. The immediate infectiousness ot sur- 
face lesions of sy^philis is controlled in all but the rare treatment-resistant 
or arsenic-fast case, it ynW be recalled, by the first one, or at most t\vo, 
iniections of an effective trivalent arsenical, provided the dose adequa c 
rn 3 to 0.5 em. arsphenamine 606; 0.4 to 0.6 gm. neoarsphenamme; 40 
60 mg. mapharsen). The duration of this effect of 1 or 2 
not precisely kno^^Ti, but is estimated roughly as “PP’-f 
qO davs Failure to continue treatment does not necessarily, but maj * 
fercentege of cases ranging from 0% to 64%, lead to infectious relapse. 
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A useful tabulation from the Cooperative Clinical Group and the Uni- 
versity of Pennsylvania material is herewith presented: 


Arsenical treatment 

Infectious 

Additional 

Infectious 

alone, number of 

relapse 

heavy metal 

relapse 

injections 

(%) 

injections 

(%) 

1- 4 

G4 

20t 

45.0 

5- 9 

14 

20 

9.0 

10-19 


20 

4.0 

20-29 


20 

3.6 

28.8* 

• 

28.2 or more 

0 

30-40 


appropriate*' 

1.2 


From this tabulation it will be apparent that the critical point at which 
sharp reduction in the probability of recurrent infectiousness takes place 
is between the 5th and 9th injections of the arsenical (14% relapse without 
and 9 % with heavy metal) ; and that the so-called 20-20 standard, often 
quoted as adequate for treatment to non-infectiousness, reduces the risk 
of infectious relapse to 4%, beyond which a slow reduction to 0% to 
1.2% is secured by prolonging treatment beyond 20 arsenical injections 
with 30 or more injections of heavy metal. 

Heavy metal, in the statistical table presented above, is taken to repre- 
sent 0.2 gm. of an insoluble bismuth salt of not less than 57 % metallic 
content, or 1 week of mercurial inunctions, or its intramuscular equivalent 
in a water-soluble or insoluble mercurial salt. 

It will presently be apparent therefore that the best treatment to secure 
non-infectiousness is practically identical with the optimum treatment 
for the securing of “satisfactory results” or “cure.” 

The Inflvmce of the Development of Secondaries oti Relapse. An 
interesting and seemingly paradoxical situation was revealed in the com- 
parison of serological with clinical relapse under treatment — a relation of 
particular importance because it might well form the basis for polemic 
discussion. The stage of syphilis at which treatment is begim influences 
the incidence of mucocutaneous relapse in a different way from that in 
which it affects all other forms of relapse. The first Cooperative Clinical 
Group survey of mucocutaneous relapse as such'*^ indicated that it occurs 
ui 10% of patients beginning treatment in the seronegative primary stage; 
b.G% of those beginning treatment in the seropositive primary stage; and 
only 4.2 % in those who began treatment after their secondaries had fully 
developed. J Relapse incidence of the mucocutaneous t’t’pe was therefore 
markedly less if the patient was allowed to develop his full cutaneous 
secondary reaction to the disease, the difference amounting to as much as 
oS% reduction in probability as the patient passed from a seronegative 
prunary to the florid secondary phase. On the other hand, the exostence 
of a distinct relapsing type was foreshadowed by the fact that patients 
who began treatment with late or recurrent secondaries relapsed in 22.3% 
of cases. Serologic relapse, on the other hand, occurred in 12 % of patients 
whose treatment was begun in seronegative primary syphilis; 15.1 % under 
the same eircmnstanccs in early secondary syphilis (1st year); and 20% 
n treatment was not begun rintil delayed secondaries after the 1st year. 
It apjH'ars. therefore, that to begin the treatment of a patient in the sero- 

* l-iiivorsily of Pcnnsylvaaia fievros; all others are C. C. G. 
t C lie wivk of mercurial immetious tsiuals 1 injection, 

> 1 he j>orconta(re< estimated on the basis of rases oli>crve<l and tre.ated for 

s»x months or over were serw.tcjr.ttive primara' 10.4%, serofsisitive primao' 20.2%, .eccon- 
*inV«tl"^* >'e.'irl *.>..a%. ^e^^ 1 nda^y delayed 0.2%. The principle ilhistmterl is thcs.amc 
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negative stage of primary syphilis, while it has already been shoira defi- 
nitely to increase the prospect of complete cure, nonetheless subjects him 
to a definite slight risk of mucocutaneous recurrence and therefore of more 
prolonged infectiousness. The probable avplanation, of course, is that 
the skin and mucous membranes have never been given the opportunitv 
to develop what might be thought of as a local tissue immunity by full 
reaction to the disease. 

It must, of course, be appreciated that the reduced incidence of relapse 
and progression in patients who have ha‘d secondaries arises simply from 
the fact that in reaching that stage they have automatically, so to speak, 
set behind them that much of the life history of the disease. It must, 
too, remain for further study to decide whether the increased risk of infec- 
tious recurrence after early treatment justifies postponement until the 
patient has developed secondaries. At the present time the higher pro- 
portion of curative results seems to justif}'' immediate treatment rather 
than postponement. The increased risk of infectiousness through recur- 
rence can hardly be greater than the risk of infectiousness represented by a 
patient wlio is allowed to live at large in the community without benefit 
of the arsphenamines until his secondary eruption lias fully developed. 
In any event, the application of such a principle demands universal hospi- 
talization for the patient between the primary stage and the full develop- 
ment of secondaries, an obvious impracticability at this time. Until the 
proponents of postponement (as for example, Bernard) can advance in- 
dubitable evidence that there is other than merely mucocutaneous protec- 
tive value in permitting a patient to go on to secondaries, the postponement 
of treatment until secondaries develop is not only against the interests of 
the public health but against that of the indiridual patient who above all 
things, desires the greatest possibility of personal cime. 

Jadassohn, from an international questionnaire,-^ has reported that the 
effect of arsphenamine in controlling the infectiousness of syphilis had led 
to an estimated reduction in incidence of new cases of the disease of 75% 
to S0% in Belgium, Sweden, and Holland; 60% in Finland; 50% in Den- 
mark; 50% to 80% in Switzerland; 30% to 60% in Italy and Czecho- 
slovakia ; and 25 % in Norway. 

Il 7 /fes for Preventing Infectious Relapse, The prevention of infectious 
recurrence and the reduction of relapse to the lowest possible terms 
requires of the practitioner, then, an unhesitating acceptance of the follow- 
ing rules: (1) The concept of abortive cure bj" short courses should be 
abandoned, no matter how earl}^ the patient may come under treatment. 
(2) Not less than 20 injections of an arsphenamine, and more if possible, 
preferably in 1 or 2 comseSy and an equivalent amount of heavy metal 
without rest intervals, should be given in an earl 3 " case to control infec- 
tiousness. (3) Treatment should be continuous rather than intermittent 
or intensive, there being no time, at least within the first .vear or mom 
that the patient is not under the inBuence of one or another effective 
of treatment for s^^philis with an arsphenamine or heavy metal. 
Treatment should be massed well to the fore~that is, within the 
3 months, for this is the period in which mass as distinguished from pro- 
longation, reaches its greatest effectiveness in preventing relapse, (t;. 
Massive dose arsenotlierapy.) 


Stokes MiUer and Beerimn^ in their study of bismuth arsphenamine 

s S phenomenon. The proportion of relapse in continuoi^ treaty 
observed a s mimr p inter^^ais 14.3%. Of the contmuou^b 

Sd cai had comparatively little treatment (20 injections or less) while 
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80% of tlie intermittently treated patients who had the higher incidence of relapse 
had had comparatively heavy courses of 21 injections or more (40% had oyer 
40 injections). It appeared that a small amount of treatment continuously applied 
yielded fewer relapses of all kinds than a larger amount with rest periods or lapses. 

With so much emphasis placed on the seriousness of lapse in the promo- 
tion of infectious recurrence, it is proper to emphasize as the 5th rule for 
tlie phjfsician, his responsibility in educating his patient and in holding 
him to a sufficiently prolonged course and in utilizing follow-up assistance 
if and when it is available. (6) He should understand, too, that infectious 
relapse is detected by actual physical examination with special emphasis 
on the mouth, anus, and genitalia rather than by serologic tests. One 
should examine especially the lips, penis, scrotum and vulva. (7) Positive 
serologic tests may warn of infectious relapse and confirm the diagnosis, 
but since they cannot be frequently applied, physical examination and 
instruction of the patient himself in the recognition of infectious lesions 
are the more important approaches. (8) Serologic tests and stripped 
physical e.xaminations, to be of value in detecting relapse, should, if any- 
thing, be more frequently made after treatment is completed and the 
patient is put on observation than during treatment itself. The opposite 
is common practice, and this applies especially to the first 2 or 3 years of 
the disease. (9) Negative serologic reactions, as has been repeatedly 
emphasized, are not proof of non-infectiousness, immediate or future. 
A negative serologic reaction should not deceivethe physician orpatientinto 
relaxing precautions. (10) Treatment and time are the chief preventives 
of infectiousness. (11) Since potentially infectious relapses occur over- 
whelmingly in the first 2 years of early syphilis, sexual relations and inti- 
mate contact without absolute protection should be allowed only while ihe 
patient i,s under actual arsenical treatment. The duration of non-infectious- 
ne.ss when treatment is stopped before the 12th injection of arsphenamine 
may not, apparently, exceed 1 month. 

Adequacy With Kespect to "Cure” or "Satisfactory Results.” Infor- 
mation on this subject is based on case material observed for not less than 
2, and \ipward to 20, years since the onset of the infection or the institution 
of treatment. Material of less than 2 years of observational control is 
fundamentally Aveak in its demonstration of the possibility of relapse, 
since the first 2 years of infection are ovenvhelmingly those of relapse 
predisposition. On adequacy in the sense of "satisfactory results,” 
•> groups of data Avill be quoted: (a) Cooperative Clinical Group results 
ill the treatment of early syphilis by a continuous alternating use of 
ansenical and heavy metal without rest period, through G5 Aveeks of 
treatment obserA*atiou; (b) Padget's*’^ Johns Hopkins Hospital Syphilis 
Clivue report on 551 patients completely reexamined 5 years or more after 
(he termination of their original treatment for early syphilis; (c) optimal 
treatment for early syphilis, 1 to 20 years observation;’- (d) a shortened 
20-Aveek system. HootP reporting on Johns Hopkins Hospital material; 
(< 1 (he ;>-<h\y intensiA’e intraA'cnous drip arsenotherapy of .syphilis (AA-ithout 
J’f heavy metal), U'ifer, Chargin and IlA-man (1941) and Elliott. 
Iv.vehr. ShnlTer. Usher and Imugh (1941).”' 

It is not pos.sible at this time to oifer more than speculatiA-e estimates 
on 10-day multiple syringe and 10- to 12-Aveek intensiA'c mapharsen- 
ovsmuth”' systems A\hieh are under study. 

llie toojn'nitivi' Cliiiiral Gnjiip's stjuiclani treatment .>.A-.<tem e-viKTienee indi- 
r.nt.-: that (or sathfactorv' n'snUs. tn'.atment nni-t be rontinuotis .nnd not inter- 
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niittent or irregular, and must combine the alternate use of an effective arsenical 
(mapharsen is not represented in this material) and a bismuth. Striking reductions 
in effectiveness with occurrence of infectious relapse, progression of S3’philitic 
manifestations, serologic relapse and seroresistance occur in all phases of early 
S3T)hilis in which intei’mittence or irregularit}^ is allowed to occur. Disregarding 
the precise system of administration, the highest proportion of satisfactory’^ results 
in seronegative primary’’ sy’'philis was obtained with 10 to 19 injections of arsphena- 
mine with accompanying hea\^ metal; in seropositive primary^ syphilis, with 25 
to 35 injections; in early secondary sy^jhilis (seen in the 1st year) 20 to 29 injections. 
Higher rather than lower dosage of the arsphenamine is recommended. Failure 
to secure a satisfactory result by 20 injections or less may be met by 10 additional 
injections, plus heavy’’ metal, w’hich may^ double the proportion of unsatisfactory’ 
outcomes reclaimed. The irreducible margin of failure in the treatment of early 
syTDhilis by^ older standards ranges from 4% to 27%, depending on method, stage 
at which treatment is begun, adequacy^ of treatment during the first 2 y’ears of 
infection. 


The Johns Hopkins Sy’philis Clinic material^ is particularly^ valuable because of 
the length of observation (over 10 y^ears in half of the patients), and shows clearly 
the importance to adequacy’’ of the treatment results of the stage at which treatment 
is begun (82% cure in seronegative primary syphilis, 68.8% in secondary’ syphilis, 
58,7% in early^ latent sy^philis). The poorest results, as in the Cooperative Clinical 
Group series w’ere observed among patients whose treatment w’as begun in the sero- 
positive primary^ stage. Cure W’as obtained by 83.4% of the patients w’hose treat- 
ment during the first 6 montLs was by’ a continuous sy’stem, and is increased to 
90.4% if treatment during the next 6 months w’as likewise continuous. It was 
showm that the final or “adequate outcome’' depended in a directly’ quantitative 
fashion not only’ on the number of doses of the arsphenamine received, but also 
inversely, upon the time span during w’hich it was given. In other w’ords, the more 
injections in the shorter time, the better the results. The development of early 
or intermediate relapse w’as found to be of grave prognostic significance. 

Cannon found in a series of some 600 patients treated with 3 standard arsphena- 
mines, that arsphenamine 606 w'as incontestably’ superior to neoarsphenamine or 
silver arsphenamine, and that 1 y’ear of regular and continuous treatment with the 
arsenical injections closely’ spaced (2- and 3-day’ intervals in the first 3 to 5 w’eeks 
and at intervals of not less than 1 w’eek thereafter) gave the highest proportion of 
satisfactory’ results. The difference betw’een seronegative primary’, seropositive 


primary’ and secondary’ sy’philis w’as not more than 6%. 

The 20-20 Arsenical-Bisimith Simultaneous Injection Course (Hood). This 
shortened sy’stem, not comparable because of longer intervals (weekly') with the 
26- week sy'stem of Circular Letter Ko. 74, utilizes weekly’ injections of mapharsen 
and simultaneous w'eekly’ intramuscular injections of an oil-suspended bismuth salt. 
The maximum period of obser\’ation (33 months) was only’ sufficient to indicate 
that the proportion of unsatisfactory’ results in the form of seroresistance, sero- 
relapse, clinical relapse and involvement of the central nervous sy’stem, amounting 
to 13.6% of the observed series, w’as approximately’ that of unsatisfactory’ results 
obtained in early’ sy’philis treated with other arsenical drugs and treatment systems. 
If confirmed by’ longer observation, such a treatment sv’stem should show* how little 
rather than how much treatment is necessary’ to produce the average or so-called 
“standard” results W’liich are so strikingly’ uniform throughout the entire range 
from 5-day intravenous drip to 65-w’eek continuous combined therapy’. 

Massive Dose Arsenotherapy {'^o-Day Drip”). The 2 series, Leifer el ah, an 
Elliott €i al.y the former with of course the longer series of obsen’ed cases, illustra > 
the foUowing principles regarding adequacy: (a) Curative results can be obtamea 
u'ith a trivalent arsenical alone (neoarsphenamine, mapharsen). (0) 
mapharsen because of its low reactivity is the drug of choice, and 1200 mg. adm - 
Sedto 5 days, the optimum dose, (c) In seronegative primao' “ 

to 100% pursue a satisfactorj' and uneventful course; without f 
e nr efnerp of disease an aggregate of 81 % secured a satisfactorj- result m one 

.5 ,.i»l th. .««1. .« .pp™,n,.,rtv 
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88% for tlic entire series (Leifer cl al). Elliott and co-workers estimated their 
curative results at at least 85% of all cases with early syphilis. 

Adequacy of Treatment From the Standpoint of Service in the Armed 
Forces. A tentative basis for evaluation proposed for admission of registrants 
with sj^^philis to the United States Army is as follows: 

Registrants with (1) confirmed positive serologic tests for syphilis and no clinical 
manifestations of the disease; or (2) with convincing histories of a trustworthy 
diagnosis of syphilis; or (3) of treatment for the disease on serologic or clinical 
grounds even though such evidence may possibly have been inadequate, may be 
considered for unlimited military service: (a) Provided that a negative spinal 
fluid since treatment was begun has been reported from a trustworthy source; 
and (6) provided that in infections estimated to be of less than 4 years duration, 
at least 30 to 40 arsenical and 40 to 60 insoluble bismuth injections or its equivalent 
with a minimum total of 75 injections have been given, with approximate con- 
tinuity (no rest periods or lapses) during the first 30 weeks of treatment; and (c) 
provided that except as further qualified below in infections estimated to be over 
4 years duration, at least 20 arsenical injections or its equivalent Avith a minimum 
total of 60 injections have been given in alternating courses; rest periods between 
consecutive courses not exceeding 8 weeks, being allowable. 

Evidence of duration of the infection shall be weighed by the examiner with due 
regard for the age, general venereal history and medical guidance of the registrant. 

In infections of 'unknown duration it shall be presumed for classification purposes 
that those of registrants under 26 years of age are of less than 4 years duration, and 
over 26 years of age, of more than 4 years duration. 

In congenital infections and in acquired infections of more than 10 years known 
duration, in which no clinical progression occurred since treatment was begun; 
and in which a normal spinal fluid has been recorded at some time after treatment 
was begun and negative physical examination is recorded not less than 2 years 
after treatment was terminated, the infection shall be regarded as ** quiescent,*' 
and the registrant eligible for unlimited militar}’’ service; provided the treatment 
in question shall have included 20 arsenical and 20 heavy metal injections. 

For the determination of treatment, the signed statements of acceptable treats 
inent- sources administering it with total number of doses of each drug and approxi- 
mate calendar dates of administration and available laboratoiy and clinical data 
shall bo required as evidence. 

The Prognostic Significance of Secondary and Serologic Relapse. Tl)e follow- 
ing principles, leased in the main upon the groups of material cited in connection with 
the criteria of adequacy of treatment for sj^philis, are widely accepted, Earl}’ 
evidence of potentially unfavorable or relapsing course in an early syphilitic infec- 
tion can be found in (a) failure of the primary or secondary lesions to heal under an 
arsenical therapy; (6) continued presence of Sp. pallida in the lesions after the 
employment of a known effective trivalent ai*senical (these 2 groups constitute 
treat ment resistance \\\ syphilis;^'' (c) prematurely early reversal of a positive 
serologic reaction on the blood to negative (4th to 7th week in seropositive primary 
or .'Secondary syphilis); (d) failure of a positive serologic reaction on the blood to 
reverse to negative after the 16th week (in the intensive or 5-day drip system 
reversal is onlinarily expeeted by quantitative tests between tlio lOth and IStli 
weeks after the institution of treatment hut late secondaries may not reverse for 
luaTiy months even though “cured"). 

Cooperative Clinical Gro\ip results'^ (ohsereation period too short) showed a 
rela]Ke expeetaney of 16.7% including all forms, of which, when observed for more 
than 6 months, 12.1% was mxieoeutaneous, 3.4% asymptomatic neurosyphilis, 
^y'nptomatie neurosyphiUs, and 0.9% cardiovascular syphilis. 

the tmfavondde prognostic significance of early and intcmiediatc relapse was 
well brought out in Padget V series in which “cure" was achieveni in 73.2% of 
patiods in whom no relapse was observed, wliereas only 28.2% of tliose .‘^us- 
tnmmg an iuternuxiiate relapse achi(‘V(Hl '‘cure". Persistent serojrositivc n»nction.s 
m however, oecurnHl in 16% of those who sustained no relapso, and in 

U.o ot t!u>^e who umlerwent intermediate relaps 4 \ Jjxio benign syphilis devel- 
'qv'd S times as fnH\uently in ndapson^ as in nomrol.niKcrs, cardiovascular svpluli^ 
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3.5 times as frequently; neurosyphilis 6 times as frequently; multiple late manifes- 
tations 7.5 times as frequently in relapsers as in non-relapsers. The occurrence of 
eak positive serologic reactions on the blood appearing in the course of a series of 
negatives in treated early S 3 ^philis have been emphasized as of relapse significance 
by certain authors. 


Significance of Seropositivity After Treatment Which Was Begun During 
Early S5i)hilis. Broadly speaking, Padget’s experience indicated that a 
residue of 14.9 % persistent serologic positiveness would appear in a series 
of early syphilitics on whom the satisfactory results he described had been 
secured. In these cases there would be no manifestations such as abnor- 
mal spinal fluid, cardiovascular disease, visceral disease and so forth to 
accompany the persistent seropositiveness. The inclination would be, 
therefore, to rate it in these cases as without significance. In general, 
however, persistence of a positive serologic reaction on the blood of early 
syphilitics under treatment by the older standard continuous sj^stems 
was an indication of presence of asymptomatic neurosyphilis, and called 
for an examination of the spinal fluid immediately.-^ The more inten- 
sive foreshortened treatment S3^s terns seem so materiall 3 ’^ to have reduced 
the likelihood of the occurrence of asymptomatic neuros 3 'philis that the 
neuros 3 '’pliiIitic significance of persistent seropositivity will probabl 3 " be 
greatly reduced by their use. In addition, to as 3 TOptomatic neuros 3 'philis, 
sj^philis of the cardiovascular system, often coming to recognition 5 or 
more ^’’ears after the cessation of treatment, ma 3 ^ be included in the prog- 
nostic significance of seropositiveness of a persistent type in early syphilis. 

The Prevention of Cardiovascular Syphilis. This is still the terra incog- 
nita of modern s3"philology and the studies thus far summarized have 
tlirown relativel^'^ little light upon it. Langer-® and others have attributed 
the increase in the incidence of aortitis since 1912 to the use of arsphena- 
mine in the treatment of S3^philis, but our experience with this drug in 
earl 3 ^ S 3 ^philis fails to substantiate this belief, the incidence of recognizable 
aortic lesions not increasing materiallj^ in the period studied. It is, of 
course, true that our study does not extend forward into the period of 
maximum recognition of this form of S 3 ^philis. Moore, Danglade and 
Reisinger-® in considering Langer’s contention, believed that the apparent 
increase coincident with the use of arsphenamine in treatment is clue 
rather to more accurate pathologic stud 3 ' with increasing knowledge of 
microscopic appearance of aortic S 3 ^philis. Progression of cardiovascu/ar 
syphilis in spite of various methods of treatment occurred in 0.8% tu 
1.2% of our patients. Warthin’s**® observation, which placed the mci- 
dence of aortic s3^philis in S3^philitic adults between 1909 and 1919 at 
97.6%, and between 1919 and 1929 at 86.3%, further supports the yiey 
that arsphenamine is not responsible for the apparenth' increasing inci- 
dence observed by Langer. , -i* / i A 

Moore and Padget^ in their anal 3 ^sis of seroresistant s 3 ^philis (early 
emphasize the seriousness of seroresistance in earl}' S3'philis and its re a- 
tivel3" lesser significance in late S 3 'philis. Twentj'-threc per cent of their 
seroresistant group sustained infectious relapse as against 5 % v'lio secure(^ 
prompt serologic reversal. Neuros 3 'philis occurs in 31 % of the sero- 
resistant cases, but in only 18% of those who sustain prompt reversal. 
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THE LOCAL USE OF SULFONAMIDES IN NASAL AND SINUS 
INFECTION: AN ANALYTICAL REVIEW 

By Noah D. Fabricant, M.D. 

Earlier in the year Long^^ declared that the introduction of sulfona- 
mide compounds as prophylactic and curative agents in the field of surgery 
has not been an unmitigated blessing for surgeons because of a growing 
tendency to neglect fundamental principles of good surgical judgment and 
technique and to rely instead on the wholesale use of the “wonder drugs.” 
In a limited sense, this judgment is equally applicable to the promiscuous 
local use of sulfonamides in nasal and sinus infection; for here, many 
physicians neglect the sound physiologic principles upon which rational 
nasal and sinus medication rests. 

Rliinologists, in recent years, have placed special stress on nasal physiol- 
ogy and nasal liistopathology — subjects, incidentally, to which most nose 
and throat textbooks attach insufficient importance — because to a great 
extent these two fields pro^dde the quintessence of intelligent intranasal 
medication. Since the magic word “sulfonamide” has stirred the collec- 
tive hopes of a sinus-conscious public and a sinus-sensitive medical profes- 
sion, the purpose of this review is to attempt an evaluation of the published 
results concerning the local use of sulfonamides in nasal and sinus infection 
so as to bridge the gap between what meager laboratory investigation there 
has been and eventual clinical judgment. 

The vdde acceptance of a rationalized form of nasal and sinus therapy 
by the medical profession can be established only in the event of a clear 
understanding of the manner in which drugs work. Such an understand- 
ing is assisted materially by studying the effect of drugs on several very 
important factors: the behavior of the mucous membrane lining of the 
nose, ciliary" action, nasal pH, and the production of s^^stemic side-effects. 
Nasal medication harmful to ciliary action impairs a highly important 
function. Markedly alkaline drugs are very irritating to the nasal mucous 
membrane; drugs prompting pathologic change in the underhung mucous 
membrane are agents to be avoided. Drugs which induce toxic reactions 
following intranasal medication are undesirable and merit small considera- 
tion in routine practice. Converse^", non-toxic medication, compatible 
with ciliary action, possessing a ph^'siologic nasal pH and non-traumatizing 
to the mucous memlDrane, is most useful in the treatment of nasal and sinus 
disease— 'for it functions on a rational, physiologic basis. r- i « 

Effect on Nasal Mucous Membrane and Nasd According to Fu^cb 

and his associates, the complexity of chronic sinusitis is knovm too well o 
exnect an eradication of infection, degenerative pathologic changes, an 
the constitutional factors involved by tJie use of a s>ngle inedjcament 
Chronic sinusitis is not a specific disease, and success cannot be ^ 

ShS If Tso treated. Their report on the effect of solutions of sodium 
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sulfathiazole in 5% and 30% concentrations when applied to the nasal 
mucous membranes of rabbits is of interest. It was found that a o% 
solution of sulfathiazole sesquihydrate exerts an early and destructive 
effect on the nasal mucous membrane. The cilia and the superficial layers 
of columnar cells are, to a large extent, destroyed. Even after 1 Aveek’s 
rest from instillations, recovery does not take place. Hydrogen-ion con- 
centration determinations revealed that both the 5% and the 30% solu- 
tions had a pH of approximately 10. 

The effect of sulfathiazole solutions instilled in the noses of inbred 
Swiss mice Avas recently described by Hunnicutt.^® The mice AA^ere treated 
with 0.5%, 1% and 5% solutions of sodium sulfathiazole. Since the 5% 
solution had been recommended in the medical literature, more extensiA'e 
• experiments Avere carried on with it. Instillations Avere made 3 times a 
day for 14 days. In order to determine if there Avere any intermediary 
changes, 3 mice Avere killed every tAventy-four hours, including the 10th 
day, and then a final group was killed on the 14th day. Purulent exudate 
Avas found during the first 3 days in about half of the mice; after that the 
only finding Avas a slight excess of mucus. The most pronounced change 
occurred in the olfactory epithelium Avhich Avas disorganized cA’^en though 
it AA'as not destroyed. The sinuses shoAved purulent exudate, and the 
epithelium, particularly that lining the frontal sinuses, Avas highly inflamed. 
In this early group, in w'hich a purulent exudate and inflamed mucous 
membrane Avas present, a number of the mice deA’^eloped bronchopneu- 
monia. When applied to the nasal mucous membrane, 0.5 % and 1 % 
solutions of sodium sulfathiazole produced the same types of reactions 
although the inflammation Avas less. 

Gundrum’^ utilized 21 rabbits — the rabbit Avas thought to present a 
mucous membrane more nearly compatible to that of human beings than 
the mucous membrane of any other laboratory animal — to obserA’e and 
study the effect of 4.7 % solutions of sodium sulfathiazole, sodium sulfa- 
diazine and butanoylsulfanilamide on the nasal mucous membrane. There 
seemed to be considerable discomfort and restlessness after prolonged 
ni)plication of the sulfanilamide deriA'atiA'es. At autopsy, in all of the 
animals treated Avith sulfanilamide derivatives there Avas eAodence of 
inflammation throughout the nose. This Avas more marked in those 
animals in AA'hich sodium sulfathiazole and butanoylsulfanilamide AA’ere 
used. Microscopic study of the sections from the animals in the series 
treated Avith sodium sulfathiazole and the series treated with butanoyl- 
sulfanilamide shoAved injury to the entire nasal mucous membrane and the 
destruction appeared greatest in the olfactory area. Sodium sulfadiazine, 
Avhile not so completely destructiA'e, Avas found to be definitely injurious. 

A hydrogen-ion concentration near that normal to the mucous mem- 
brane is, according to Fantus,® a matter of cA’on greater importance for 
applications to the mucoAis membranes than the matter of isotonicity. 
In this connection, Fabricant has reported the normal, phy.dologic 
nasal pH A’alucs of the human being to be in the range betAA’cen approxi- 
inatcly pH and (5.5. He has suggested that during an attack of acute 
rhmitis, acute rhinosinusitis and the more active stages of allergic rhinitis, 
(he employment of an appropriate nasal medicament Avhich^loAvcrs the 
abnormal, alkajine ])H found in these conditions to a normal, slightly acid 
IcAol betAveen 5.5 and (5,5 in short, a physiologic pH — is most dc.sinible. 
Nuee the sodimu salts of the sulfanilumiAle group are extremely alkaline, 
i.iAing a pH AA'hich ranges from 10 to 11. they arc by no ine.ans free of 
utvdtvirable catistic reactiotis bi'cause of the irritating properties associate*! 
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With ite alkalinity. In addition to these unfavorable features, a further 
objection to their use has been the fact that solutions of sulfathiazole may 
become yellow on standing and decompose within a few days, especiallv 
when unprotected from daylight. 

At the time TurnbuIP- overenthusiastically advocated the use by nasal 
spray of a 5 % solution of sodium sulfathiazole in the treatment of chronic 
sinusitis, many physicians began a mass clinical trial before adequate lab- 
oratory investigation of the type just described bad been undertaken. 
A warning, however, came from Fletcher/® who reported necrosis of the 
lining of the maxillary sinus following irrigations of the sinus with 5% 
and 10 % solutions of sodium sulfathiazole over a 3 week period. He main- 
tained that inasmuch as the sodium salts of sulfanilamide derivatives are 
extremely alkaline, the}^ are very caustic, and in this case the solutions 
charred or burned the granulations and mucous membrane with which 
they came in contact. 

The use of a 5% solution of sodium sulfathiazole by means of nasal 
tamponage Merica^^ found to be quite disappointing in cases of acute 
rhinitis but effective in certain types of sinusitis. Follo^ving the applica- 
tion of 5% cocaine solution, Merica employed nasal tampons moistened 
with sulfathiazole solution. In this connection, it is of interest to note 
that the preliminary" use of cocaine solution produced anesthesia of the 
nasal mucous membrane as w"ell as an acid nasal pH en\dronment.'* These 
two factors alone w'ould be sufficient to counteract the usual intranasal 
distress produced by sodium sulfathiazole solutions. Despite the combined 
use of cocaine solution and sodium sulfa tliiazole solution, Merica observed 
some patients who did not tolerate the application; these patients devel- 
oped reactions resembling an allergic rhinitis. A similar phenomenon has 
been noted by Bordley- and his associates. According to Fenton,® none 
of the combinations of sulfathiazole vdth vasoconstrictors is free from the 


possibility that allergic responses may be excited in susceptible persons, 
and it does not seem possible to determine in advance whether such 
sensitivity exists. 

To obviate the strong alkalinity, irritating properties and deterioration 
of such solutions as have been discussed, Yonkman^ and his associates 
have dissolved various sulfonamides in propylene glycol. The most useful 
of these propylene glycol preparations they’’ believe to be a combination 
with a 3% solution of sulfathiazole, 3% solution of sulfapyTidine and a 
10 % solution of sulfanilamide. The pH of these solutions is slightly acid 
and approximates normal, phy^siologic nasal pH values, Blackford^ found 
a 3% solution of sulfathiazole in propydene glyxol when used locally’ to be 
non-irritating and non-toxic. The preparation can be used generally’ m 
large amounts without untoward results. However, he believes further 
experimentation should be done in regard to the effect of this preparation 
on the ciliary’ action in the nose before any definite conclusions as to t ic 
advisability of using it extensively’ in acute upper respiratory infections 
can be drawn. Sto\’in^® finds that a combination of sulfaniiamidc am 
allantoin lends itself to use in intranasal therapy; it is slightly acid wi i 
a pH of 5.4. Colloidal silver preparations of sulfanilamide, 
sulfaptTidine and sulfadiazine have been investigated by’ 

SceptioD of the silver sulfamlemide, a hich darkeos rap.dly, he 
remain L white or croam-nhite pon ders, east l.y .w.i, o 

Solutions of colloidal silver sulfathiazole have a slight y acid pH ' 

in the range 0 maximum effectiveness. It is possible that such non- 
Mtant chemical combinations of the sulfonamides, after further study, 
may in time prove useful. 
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Clinical Reports. A small but steadj^ stream of clinical reports®- -- '® 
has appeared in the medical literature. In attempting to establish the 
usefulness of local applications of sulfonamides to infections of the nose 
and sinuses, the preponderant majority of writers appear to neglect the 
entire body of knowledge known as nasal physiology. That the local 
administration of chemotherapeutic agents is substantially without influ- 
ence upon the common cold is almost generally agreed. Since the litera- 
ture on their value in sinusitis is still limited, the cross-currents of opinion 
preclude final judgment. At this juncture, it is well to remember that 
over a span of many years numerous agents have been introduced into the 
sinuses — particularly the maxillary sinus — immediately after lavage. The 
very multiplicity of these agents indicates the inadequacy of many of 
them; this is in itself evidence that the ideal treatment has not been found. 

It was Turnbull®^ who first described the intranasal use of a 5 % solution 
of sodium sulfathiazole in chronic sinusitis. After instilling it directly 
into the sphenoid and maxillary sinuses, he was unable to draw any con- 
clusions regarding clinical improvement; but after spraying the nose, he 
saw definite improvement clinically. It is possible that what was observed 
us increased drainage from the nose following sulfathiazole spraying was 
in all likelihood due to the irritating qualities of the markedly alkaline 
medication rather than a free flow of discharge from the sinuses. 

Bordley® and his associates believe that many nose and sinus complica- 
tions may be prevented by spraying the nasal passages and pharynx with 
a 2.5% sulfadiazine triethanolamine solution. The concentration of sulfa- 
diazine in the mucous membranes of the upper passages was not deter- 
mined. Brown'* finds that sulfonamide powder may be applied to the 
mucous membrane of the sinuses by the intranasal route and that the 
powder seems to be more effective than the solution in cases of chronic 
purulent sinusitis, probablj" because of its more lasting contact with the 
mucous membrane. Connell and Trowbridge® maintain that acute nasal 
infections respond best to the local use of sulfanilamide powder and chronic 
rhinitis best to sulfathiazole powder. It was found that coarse powder 
was not adaptable for use in the nasal cavities. Moderately fine or fine 
powder, of a 40 to 100 mesh character, proved to be the most satisfactory. 
Marks"’ states that a 20 % or .50 % sidfathiazole jelly is an effective thera- 
peutic agent when injected into the maxillary sinus in which there is 
evidence of chronic maxillary sinusitis. A suspension of sulfathiazole 
appeared more effective than sodium sulfathiazole in clinical practice. 
Van Alyea,-®-’ however, questions the value of sulfonamide preparations 
instilled locally into the maxillary sinus. Kern*® is of the opinion that 
sulfanilamide and gauze packing can be \ised satisfactorily after submucous 
re,seetion, cthmoidectomy, and intranasal antrotomy. When the packing 
IS removed in 24 hours, there seems to be less swelling of the mucous 
membrane and more rapid healing. Freeman” describes a method of 
treating acvitc infections of the nasopharynx and pharynx. He wTites that 
the possibility of .sy.stemic damage from the use of sulfathiazole is negligible 
and can be carried out on ambulatory patients. 

I.indsay-'® a.sserts that in chronic suppuration of the maxillary, frontal 
and ethmoid sinuses, he was unable to satisfy himself that svdfat hiazole 
n.'t'd locally after irrigation was of any tlefinite benefit. He employed stis- 
pensions of finely ground sulfathiazole, in concentrations up to 30%. which 
ixmld be itUroduced through a cannula. In treatment of acute infections 
oi the sinuses, Lindsay declares', the suppuration is seldom limited to one 
Mims; thert' is usually mon* or less general infection of the upper respiratorv 



550 


PROGRESS OF IMEDICAL SCIENCE 


tract, with involvement of several sinuses. Therefore the treatment, for 
example, of the maxillary sinus alone cannot be expected to relieve the 
accompanying inflammatory process in the anterior ethmoid cells, or in 
the upper respiratory tract in general. The use of a 2.5% solution of 
sulfadiazine (with triethanolamine) as a spray did not shorten the course 
of sinus infection. The material was employed in a few cases by the dis- 
placement method and produced fairly severe discomfort, lasting nearly 
24 hours. The pH of the solution is about 8.5, and attempts to lower the 
percentage of triethanolamine so as to reduce the pH have caused pre- 
cipitation. It is believed that the local use of sulfonamide compounds 
does have a place in postoperative treatment of sinuses w^here a radical 
operation has been performed with removal of diseased mucous mem- 
brane. The effects here are similar to those in surgical wounds elsewhere, 
and the action in keeping down infection is unmistakable. In Fursten- 
berg's^ experience, sulfanilamide when used locally in septic wounds tends 
to shorten the period of convalescence, prevent troublesome local reactions 
and allay discomfort. It is unnecessary and undesirable to use it in a 
clean wound. Confidence in local chemotherapy is justified only when it 
is employed as an adjunct to an operation wliich is performed with credit 
to the surgeon and safety to the patient, 

A recent publication of Silcox and Schenck^® concerns itself with the use 
of microcrystalline forms of drugs of the sulfanilamide group. Their 
clinical studj’’ included patients treated with the microcr 3 "staIs of a drug 
of the sulfanilamide group in 5% suspension in a ph^’^siologic solution 
of sodium chloride and a group of patients treated with microcrystals 
of sulfathiazole in a 5 % suspension in 1 % aqueous solution of parednne 
hydrobromide (p-hydroxy-a-methylphenethylamine hydrobromide) which 
has a vasoconstrictor action. Levels of sulfathiazole in the blood taken 


in some of the early cases convinced the investigators of the comparative 
safety with which drugs of the sulfanilamide group can be used^ locally. 
No studies were made to determine the effect of the drug histologically on 
the nasal mucous membrane. In the group treated with a suspension of 
sulfathiazole in a solution of paredrine hydrobromide there was a rise in 
systolic blood pressure of 10 to 15 points after displacement irrigation. 
jMicrocrystalline preparations were found to be effective in the treatment 
of acute infections of the upper respiratory tract, of acute sinusitis, and in 
selected cases of chronic sinusitis. Sulman^^ used a suspension of sulfa- 
thiazole in an aqueous solution of paredrine h 3 ^drobromide and found it to 
be successful in reducing nasal congestion and in decreasing or eliminating 
discharge. No untoward effects of an^^ kind were observed. Its use vas 
believed to have shortened the course of infection for man^^ patients an 
averted sequelre to colds. Toxic reactions produced b^^ this preparation 
are described as occurring in 2 cases b^’' O'Donnell.^ ^ i • • f . 

Harris^^ and his associates discuss their experiences wdth the administraj 
tion of sulfonamides b 3 ' inhalation, by introducing sulfonamide ^ 
into the air. The '‘smoke” utilized in these experiments was derivea iro 
a 5% aqueous suspension of sulfathiazole microcr 3 *staIs. The suspensio 
was introduced into an atomizer supplied vith compressed air wni 
produced a finely dirided spray. The resultant spra 3 \ led into 
chamber containing Sviss white mice. Gross examination of ^ .h 
at different intervals up to several days after the inhalation 
hvpSa soon after the inhalation. Mice exposed to a spray of jod.urn 
sulfathiazole solution under similar conditions died -inthm a fe^ 
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and their lungs showed gross evidences of an extreme hyperemia. Accord- 
ing to the authors, the pharmacologic experiments demonstrate that sulfa- 
thiazole can be administered by inhalation and produce satisfactory blood 
levels. Elsewhere,® it is stated by one of the inA^estigators that three deep 
breaths in the adult taken while the “smoke” is being blown through the 
no.se and/or mouth produce a sulfonamide blood level of 3 to 5 mg. per 
100 cc. of blood in less than 15 minutes, as measured at the finger-tip. 
This level rises for some hours to approximately double the original figures 
and at the end of 2 days is usually still aboA-^e 1 mg. per 100 cc. 

Ivy and Goetzh'^ review the literature on the pharmacology of the drug 
known as d-desoxyephedrine hydrochloride. Recently the vasoconstrictor 
dl-desoxyephedrine hj^drochloride, 0.125%, has been combined with 2.5% 
.solution' sodium sulfathiazole and is available for use in the nose and 
paranasal sinuses. A review of the literature indicates that d-desox.v- 
cphedrine hydrochloride has an action on man and on animals similar to 
that of amphetamine sulfate. It is more potent per milligram than 
amphetamine sulfate. Although a number of German authors have 
stated that d-desoxyephedrine hj-^drochloride is not habit-forming, it was 
placed under the German narcotic law with the warning that the physician 
employing it should exercise caution. 

Among the case records of the Massachusetts General Hospital-'' is one 
flealing with an allergic middle-aged woman who had applied over a period 
of weeks sulfathiazole ointment to a fissure at the tip of the nasal ala. 
Prior to hospitalization she had also taken sulfathiazole by mouth. When 
a generalized skin eruption developed, she was admitted to a community 
hospital. She failed to respond to appropriate therapy and died of a 
“.sulfathiazole nephritis.” At the subsequent clinicopathologic conference 
the question of the treatment of the fissure about the tip of the ala with 
.sulfathiazole ointment in a patient known to be allergic was rai.sed. 
“Unless one believed that was a potentially dangerous lesion, which it 
could be if badly infected, one should not run the risk of sensitizing a per- 
son to a drug that may be a life-saving one later.” 

Comment. The haste with which some members of the medical profes- 
.sion and the general public ha^"e responded to the cry that the local use 
of .sulfonamides in nasal and sinus infection is an effective “cure-all” is 
not without some apparent danger. Knowledge of the normal physiology 
of the lining mucous membrane of the nose and sinuses received its chief 
impetus in this country from the studies of a number of American investi- 
gators. De.spite their efforts to familiarize physicians with the importance 
of nasal physiology and its immediate relationship to rational, physiologic 
nasal medication, certain fundamental principles appear to have been 
overlooketl iiv the local application of various sulfonamide jireparations 
indiscriminately employed in nasal and sinus infection. 

Svich factors as the effect of a nasal medicament on the mucous tnem- 
branes of the nose and sinuses, its relationship to ciliary action and nasal 
pll. and the degree of toxicity which is sometimes produced by ab.sorption 
from (he mucotis membrane are always of propitious consideration in 
t'stablishing the value of a nasal preparation. The fact that alkaline 
preparations of .'^odium sulfathiazole solutions injure the mucous mem- 
brane is stdlicicttt to iitdict it on that score. Furthermore, the destruction 
of cilia -and consi'cpiently the impairment of ciliary function— together 
with Us deviation from a phy.dologic nasal pH, as well as the di.<org'aniza- 
tiou of the olfaetory epithelium which such preparation.® cstahlish, plus 
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the production of bronchopneumonia in laboratory animals, cannot justify 
the indiscriminate selection of sodium sulfathiazole preparations for use in 
the human nose. 

The recent introduction of a number of sulfathiazole preparations in 
alkahne combination "with a nasal vasoconstrictor raises several pertinent 
questions. Nasal vasoconstrictors, Proetz^ declares, are probably the 
most important single group of drugs available to the rhinologist. In terras 
of clinical evaluation, it is therefore extremely difficult to interpret the 
benefits to be gained by a patient receiving a form of combined intranasal 
medication. The vasoconstrictor action of some nasal vasoconstrictors is 
powerful and ma\^ conceivably lead to a partial, and in some cases, total 
(although transitory) anoxia. Some of the cells may suffer damage, but 
this is reparable with the decrease of the vasoconstrictor effect. It is 
possible that the damage might be more if the sulfonamide preparations 
are present. In any event, there is need for further evidence of its innocu- 
ousness other than a simple clinical observation. 

. The degree of toxicity that may be produced by sulfonamides is equally 
deserving of scrutiny. Patients emplojdng sulfonamides locally are poten- 
tially^ subject to all the risks entailed by oral or parenteral administration. 
In a therapeutic field as new as this, physicians should be on their guard 
as to the possibility' of such complications as allergic rhinitis, toxic derma- 
titis, jaundice, hematuria, blood dy'serasias, hy'perpyTexia, central nervous 
sy’^stera effects, weakness and pallor, and nausea and vomiting. Finally, 
unintelligent and promiscuous usage locally of sulfonamide preparations 
may’^ develop in the patient a sulfa-resistant state. In general, such resis- 
tance is by’^ no means a theoretical matter. 

With respect to the role of the local use of sulfonamides in nasal and 
sinus infection, the clinician should not on the basis of inconclusive clinical 
e\ddence run too far ahead of competent and painstaking laboratory evi- 
dence. While the e\ddence to date would seem to indicate caution in the 
use of some of the sulfonamide preparations in the nose and sinuses, others 
are employ'ed successfully' in a limited number of directions. These do 
have an important place in contemporary' rhinology'. Indeed, it is quite 
possible that the near future may' see the further introduction of sulfona- 
mide preparations which locally' are non-toxic and which are compatible 
with the tenor of modern-day' nasal phy'siology*. Such agents, however, 
may' in time prove useful only' as an important adjunct to the effective 
treatment of nasal and sinus infection, rather than as a universal cure-all. 
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BOOK REVIEWS AND NOTICES 


Tot Medical Clinics of North A:\ierica. Symposium on Infectious and 

Tropical Diseases. (Vol. 27, No. 3, May 1943.) Pp. 881; many illus. 

Philadelphia ; W. B. Saunders Company, 1943. Price, year, 816.00. 

This number is especiall}^ welcome at this time, offering as it does concise 
and authoritative reidews on a number of the most important tropical diseases, 
as well as on certain other borderline diseases. The discussions aim at being 
practical rather than exhaustive, yet space has been found to present the 
newest and most up-to-date conceptions of transmission, diagnosis and treat- 
ment. Preventive aspects are also stressed, as would be expected from a grouj) 
of contributors, many of whom are workers in the field of Public Health or 
Preventive Medicine. 

The subjects on the whole are well chosen, prominence being given to 
malaria and d3’^sentery, tj’phus and relapsing fever, all ^seases which may 
easity assume epidemic proportions with our armed forces. The Eewewer 
would have been pleased to see a fuller discussion of the dysenteries, bat doubt- 
less space forbade. Trypanosomiasis, filariasis, schistosomiasis, dengue, 
plague and cholera are discussed by^ masters in the field, the presentations 
coming to us out of y^ears of personal experience in many’’ instances. The 
names of Dy’^er, Strong, Simmons and Russell, to mention but a few, are eri- 
dence of the authoritative character of the contributions. It would be impos- 
sible to cover the whole field of tropical diseases in one slender volume, and 
further volumes to supplement these studies would be very’’ desirable. 

It seems not inappropriate at this time when tropical diseases are being 
lirought to America in increasing numbers, to find them discussed side by' side 
with other infectious diseases which cause much concern in the United 
States. Among these latter are the epidemic encephalitides, coccidiodomy- 
cosis and primaiy aty^pical pneumonia. Well-known workers in the-^^e fields 
ciystallize for us the recent knowledge and ^dews on each subject. Late 
reports and conclusions regarding diseases longer known to the medical i)ro- 
fession foim the basis for other valuable articles and round out a series of 
unusual significance. No doctor would wish to miss an acquaintance with 
this sy'mposium on infectious and tropical diseases. J* 


The Neuromuscular Maturation of the Human Infant. By 
B. McGraw, Associate Director, the Nonnal Child Development Study, 
Department of Pediatrics, Columbia-PresbyTerian ^Medical Center. I p- 
154; some illustrations. Morningside Heights, N. Y. : Columbia University 
Press, 1943. Price, 82,00. 

The studies reported in this volume cover more than a decade of observation 
on the development of function in the newborn and infant child. The investi- 
gation originated in an attempt to correlate the development of actnniy 'mtn 
the anatomic maturation of the cells of the human cortex, a problem iipun 
which Dr. Frederick Tilney was working before his death. . 

The general plan was to examine some particular function, for cxanipm, uk 
behaxnor of the child in water, and trace the development of this hchwo 
until a point was reached in whicli deliberate or voluntary control ap^ared t 
be exercised on that function. At this time, it was assumed by Dr. / 

Sebral cortex began exerting its eflect . For example the : 

when vlaced in water, wll svnm, refloxly it is presumed. At a later oatc i 
^^e of acS give^ way to disorganized, struggling movonicnt.s nnd ft, II 

‘"The vari^uf So^ ^ cover the range of early motor laih.a^ior in the 
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infant. Among these are; grasping, postural reflexes, rolling over, crawling, 
creeping, sitting, rising, and walking. ... , , 

Due to Dr. Tilney’s untimely death, the anatomic evidence on the inatura- 
tion of the human cortex is still lacking, so that the author’s original aim has 
not been achieved. Nevertheless some conclusions have emerged from this 
study which will appeal to a wider audience than her origmal thesis would 
interest. 

Dr. McGraw suggests that her studies point the way to a better method of 
training children. Among her conclusions are; it is futile to attempt training 
before the neural mechanisms have developed sufficiently; exercise of a newly 
developing function may advance the achievement beyond the stage normally 
expected; transition from one type of activity to another is characterized by 
disorganization and confusion; the behavior pattern will teU when a child is 
ready to undertake a new type of activity; it is just as important to know ■when 
to diminish training as when to begin it. Obviously the conclusions from a 
study of these motor actions are in some way applicable to more complicated 
intellectual development. 

This work can be commended highly for its succinct summary of these 
important studies. G. G. 


Laboratory Experiments in Physiology. By W. D. Zoethoxjt, Ph.D., 
Professor of Physiology in the Chicago College of Dental Surgery (Loyola 
University). Third ed. Pp. 256; 88 illus. St. Louis; The C. V. Mosby 
Company, 1943. Price, S2.25. 

A BESCRipTioN of apparatus commonly used in the elementaiy physiologj’’ 
laboratory is followed by procedures for an ample number of simple experi- 
ments illustrating fundamental physiological principles, stressing the nerve 
muscle, cardiovascular, respiratory systems, and special senses. Judicious 
selection of experiments from this manual should result in an adequate labora- 
tory accompaniment to a course in elementary physiolog 3 ’’ for college or dental 
school. For the most part, apparatus illustrated and described is made by the 
Harvard Apparatus Company, but the experiments are adaptable to other 
types. 

Part II of the manual consists of a few simple experiments of a chemical 
natvivc illustrating tests for carbohydrates, fats, and proteins, the fundamentals 
of digestion, and of urinalysis. A. C. 


Blood Groups and Transfusion. By Alexander S. Wiener, A.B., M.D., 
Scrologist and Bacteriologist in the Office of the Chief Medical Examiner 
of New York City, Head of Transfusion Di-^dsion, Jewish Hospital of Brook- 
lyn, New York. Third ed. Pp. 438; 69 figs., 106 tables. Springfield, 111., 
and Baltimore, Md.: Charles C Thomas, 1943. Price, 87.50. 

In everj’- hospital’s experience transfusion reactions of the hemoljdic type 
occur more frequently than textbook statistics would indicate, even when 
the technique of administration lies above reproach. Fortunately the synnp- 
toms are usually but slight or moderate, though \'iolent and even fatal “acci- 
dents” arc noted at times. Any such reaction is not only potenti.all}' danger- 
ous; its presence signifies that the administered blood "has been destror-cd, 
wholly or in part, and to that extent the therapeutic intention of the transfu- 
siou^ has not been achieved. The only way to assure complete safetv and 
ellicioncy with even,- transfusion is to give the physicians in ch.arge a full under- 
standing of the comidementan' sciences of transfusion and of grouping. 

l or this reason one welcomes the publication of the third and thoroughly 
U{»-to-date edition of this well-known authoritative monograph, with its 
' orpJGuzed body of information and interpretation. The first third 
oi the book discusses in detail the properties of the known blood acclutinocens. 
uot only A and B but also A*. As. M, X, P, Rh and Hr, singly and in combina- 
uon. lnclude<l are chapters on sources of error in blcKxl grouping, liistory 
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and techniques of blood transfusion, reactions and complications following 
transfusion, and the preparation and storage of blood, plasma and serum. 

comes a learned but extremel}^ readable presentation of the individual 
differences in ^human (and animal) bloods in relation to heredity and anthropol- 
Statistics have been ‘kept to a minimum, vuth the symbols and methods 
used explained lucidly in advance. The final portion of the book deals with 
recent progress, such as the important relationship of the Rh factor to erydliro- 
blastosis fetalis and to hemolytic reactions during pregnancy or after multiple 
transfusions. Medico-legal applications of blood tests in disputed parentage, 
and the individual identification of stains in forensic cases, are gone into 
extensively. All chapters reflect the wealth of experience of the author. 

I. AV. 


The Practice of Refraction. By Sir Stewart Duke-Elder, M.A., D.Sc. 
(St. And.), Ph.D. (Lond.), M.D., Ch.B., E.R.C.S., Surgeon-Oculist to 
H. M. The Eng; Ophthalmic Surgeon and Lecturer in OphthaImoIog>', 
St. George’s Hospital. Fourth ed. Pp. 328; 183 ilJus. Philadelphia: Tlje 
Blakiston Company, 1943. Price, S4.50. 

The aim of this book, as of the 3d edition from which it differs in only 
minor respects, is to present the essential principles of the theorj'’ and practice 
of the correction of defects in the optical sj^^stem of the eyes and their associated 
muscles. Clinical methods and criteria are stressed. Not undue emphasis is 
laid upon the consideration of the general bodily welfare as well as the local 
ocular state. The subject of aniseikonia is introduced. Man}’’ in this countn^ 
would disagi’ee with the author concerning the use of orthoptics and/or surgeiy' 
in cases of squint. And, also, many would use cycloplegics more freely than 
he recommends. On the whole, hoAvever, the book is a valuable addition to 
the libi'aiy of one familiar with the subject, as well as that of the beginner. 


Tables op Food Values. By Alice V. Bradley, M.S., Associate Professor 
of Nutrition and Health Education, State College, Santa Barbara, Cain. 
Pp. 224. Second ed. Peoria, 111.; The Manual Arts Press, 1942. Price, 
S3.50. 

This is an excellent book for the purpose for which it is intended, namely 
“to calculate an individual’s diet quickly in an approximate wa}".” 

The book is easily read; the figures are large enough to be quickly r^d and 
the naming of foods on each side of the tables is a big aid for speed. The 
tables are comprehensive and the many recipes included certainly add to the 
value of the book for the lay person. The fact that the tables give both tne 
weight in grams and the approximate measure adds to the value of the hook for 
everj'one using it. 


Clinical Roentgenology of the Cardiovascul.\r Syste.m. 

Roesleu, M.D., F.A.C.P., Temple University School of Afedicjne, Teinp* 
University Hospital, Philadelphia. Second cd. Pp. 480; 337 figs. Spring- 
field, 111.: Charles C Thomas, 1943. Price, S7.o0. ^ 

This 2d edition brings up to date the most comprehensive presentation o 
the subject in the English language. The technique and apparatus used mu 
various methods of roentgenologic study; the anatomy, P^A'f^olog}' and roon^ 
cenolo^^ic aspects of the normal and abnormal cardiovascular aPP?rMus a 
lU subdi^^sions; cardiovascular disease from the vicvqyomt 
^t'inictural changes and methods of measurement are all adequately ^ 

Their integration with clinical data makes the 
^^f,>ntrlvSuab!e. AM] hMiography with cacl. chapter and a good 'nj^ 
The following suggestions are offered for improvement o 

SlaKito- Tte iTof life tfL .ml "v.ntr.d” .. 
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confusing and stilted in view of man’s erect posture and the widely accepted 
use of the terms “anterior” and “posterior”; the use of numerous black and 
white arrows instead of numbers in many of the illustrations requires a tedious 
search in the lengthy captions for identification; despite the author’s fear of 
breaking continuity, specific facts in the text should be numerically related to 
the chapter bibliographies to enhance the value of the book as a ready reference 
text. However, the book is unreservedly recommended as required reading 
for students of roentgenology and cardiovascular disease. A. M. 


Flying Men and Medicine. The Effects of Flying Upon the Human Body. 
By E. OsMUN Barr, M.D. Pp. 254; 8 figs, 1 colored plate. New York and 
London: Funk & Wagnalls Company, 1943. Price, 82.50. 

An interesting and adroitly written book about aviation medicine in unusu- 
ally simple language for the non-technical reader. Anyone who wishes to catch 
up on this most recent aspect of medicine without being overburdened by a 
mass of physiologic and technical details should read this enterteining volume. 
It is sufficiently complete and contains many interesting and instructive dia- 
grams. The book is especially recommended to the young aspirant for wings. 

W. S. 


Penal Lithiasis. By Charles C. Higgins, M.D., Cleveland Clinic, 
Cleveland, 0. Pp. 122; 18 illus. Springfield, 111.; Charles C Thomas, 
1043. Price, $3.00. 

_Tnis brief treatise, the annual Beaumont Lecture for 1942, is by a recog- 
nized authority on renal lithiasis. The author, an assiduous research worker, 
has given us something which is a pleasure to read. Dr. Higgins ivrites with 
the authority of years of clinical experience, and backed by the entire research 
personnel of the Cleveland Clinic. 

Starting with a delightful though brief history of renal lithiasis, he follows 
with a lucid exposition of the etiology, always leaning toward his own belief 
in the part played by diet and vitamin A deficiency. There follow 7 pages on 
.sjunptomatologj^ 15 devoted to the surgical handling of the problem, and 
15 more on the dietary treatment. The book ends with 16 pages devoted to 
recommended diets for restricting the intake of unwanted salts, for increas- 
ing the vitamin A, and for acidifying or alkalinizing the urine. A. R. 


Urology in General Practice. By Nelse F. Ockerbl.\d, B.S., M.D., 
F.A.C.S., Professor of Clinical Urologj^ University of Kansas School of 
Medicine; Senior Attending Urologist to St. Luke’s Hospital; Consulting 
Urologist to the Children’s Mercy Hospital, Kansas City, Mo.; and Hjalsur 
1C. C.\RLSON, B.S., A.M., M.D., F.A.C.S., Instructor in Urolog>', Univer- 
sity of Kansas School of Medicine; Attending Urologist to St. Luke’.s 
Hospital and Trinity Hospital, Kansas City, Mo. Pp. 3S3; 9S fig.^. 
Chicago: Year Book Pub., 1943. Price, $4.00. 

l)ns small, practical manual should be useful as an easily read outline of the 
subject to student, practitioner, and specialist. 

There is a chapter on urologic diagnosis which gives one a well-balanced idea 
of the approach to the urologic patient. The infonnation presented should help 
n phy!<ician to decide which c.ases can be best taken care of by the general 
which cases require the care of C-xperts in the field. 

Tiio use and care of catheters, sounds, and other diacnostic and therai>eutic 
urolojnc equipment are discussecl. Contraindications to the use of such 
materials arc presented. 

The discussion of tlie various diseases of the urinarv orcans is thorough and 
uujHirtanl practical jioints in the diagnosis and treatmenr are given. There 
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a separate chapter on the so-called “medical diseases'' of the kidney. The 
authors think that nephritis and allied conditions are best handled under the 
supervision of the urologist. 

The discussion of urinary hthiasis contains the usual information presented 
on the subject and in addition mentions the most recent contribution to the 
knowledge of the etiology of urinary stone, that is Randall's papillar}’^ lesion. 
^ There is an entire chapter devoted to carcinoma of the prostate. This one- 
time therapeutic enigma can be so handled that these patients can live on 
with a fairly normal existence. Treatment with stilbestrol and hilateral 
orchidectomy is discussed. 

The chapters on the use of sulfonamides in urologic infections, both gonor- 
rheal and non-specific, are a bit sketchy considering the great advance that 
the introduction of these substances afforded. The proprietaiy drug “siil- 
amyd" is recommended by the authors on several ocaas'ons for the treatment 
of non-specific tjpes of urinary infections; but eridence *n the literature and 
from those who have had personal experience in the use of this drug would not 
indicate that its therapeutic effects warrant such high esteem as here presented. 

The inclusion of a bibhography would increase the va ue of the book to 
anjmne desiring further information on any subject presented. L. La T. 


An Introduction to Group Therapy. By S. R. Siavson, Director of 
Group Therapy, Jewish Board of Guardians, New’ York, formerly Lecturer, 
School of Education, New’ York University. Pp. 352. New* York; The 
Commonw’ealth Fund, 1943. Price, §2.00. 

This book is the outgrow^th of 8 years' experience of the Jew’ish Board of 
Guardians of New York City. Group therapy is “not merely group actirity 
but a method of psj’'chotherap 3 ’' to be emploj’^ed along with ps}Thiatric,case 
work and psychologic sendees and onl}'' after a diagnostic examination indi- 
cates that it is needed." It may be used as exclusive treatment or as supple- 
mentary^ to indhidual treatment. 

The principles and practices of group therapy are described and descriptions 
of actual cases and case treatments are given. This book should be of great 
value not only to the clinical w’orker but to teachers and administrators in our 
schools. It reveals unsuspected values in group w'ork that may be very’ sug- 
gestive in the pupil acti\ity^ program even though many of the specific methods 
described would be quite unsafe in the hands of a teacher untrained in psy*- 
chiatric case w’ork. 

A jMaNUAD of PuLilONARY TUBERCULOSIS (PaRT I) AND AX AtLAS OF 

Acic Roentgenology (Part II). By Da^td 0. N. Lindberg, al.D-, 
FA..C.P., Lecturer on Tuberculosis, State University’ of Iowa, College or 
Medicine. Pp. 219; 189 iUus. Springfield, lU.: Charles C Thomas, 194 
Price, §6.50. 

In this book Part I presents a discussion of the diagnosis and treatment of 
pulmonary’' tuberculosis and the author has w’isely included a chapter dealing 
with modem methods of control. Numerous charts and graphs are \o 
good advantage and the illustrations are of excellent quality. 
purelv an atlas of radiographic reproductions comprising 145 plates, in 
roent^^enologic aspects of tuberculous pulmonary- disease are amply por- 
trayed, including results following treatment by’ conscn*ative 
well as bv various surgical procedures. In addition, the characteristic mat 
lo*nc find'ings of many of the more frequently encountered 
lesions other than tuberculosis are also presented. The plates arc unifonnl. 

seem that 


hnVdetracted from the value of this vorK. iiou-ever lue roaic. ta 
ia a coSSanner and clarity has been maintaineJ throughout 
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NEW BOOKS 

An Allas of Anatomy. By J. C. Boileau Grant, M.C., M.B., Ch.B., F.R.C.S. 
(Edin.), Professor of Anatomy in the University of Toronto. Vol. 1, Upper 
Liml), Abdomen, Perineum, Pelvis, and Lower Limb. Pp. 214; 227 figs. 
Baitimoi-e: The Williams & Wilkins Company, 1943. Price, $5.00. 

The Conquest of Epidemic Disease. A Chapter in the_ History of Ideas. _ By 
Charles-Edward Amory Winslow. Pp. 411. Princeton, N. J.: Prince- 
ton University Press, 1943. Price, S4.50. 

Hospital Discharge Study. Vol. 2, Hospitalized Illness in New York CitjL 
By Neva R. Dbardorff, Ph.D., and Marta Fraenkel, M.D. Pp. 349; 
105 tables. Welfare Council of ISlew York City, 1943. Price, $1.00. 

This report is the second of the 3 volume publication Hospital Discharge Study 
(an analysis of 546,623 patients discharged from hospitals in New York City in 1933). 
It abstracts and studies 24 items of information on these patients covering their 
medical, demographic and social conditions and certain details on hospital stay. 
Tlie volume contains a wealth of statistical information and demonstrates the value of 
and need for a more intensive study of hospital records. R. B. 

Papers From the Second American Congress on General Semantics. Non- 
Aristotelian Methodology (Applied) for Sanity in our Time. Compiled 
and Edited by M. Kendig. Pp. 579. Chicago: Institute of General 
Semantics, 1943. Price, $5.00. 

Reconstructive Surgery of the Eyelids. By Wendell L. Hughes, M.D., 
F.A.C.S., Hempstead, N. Y. Pp. 160; 36 plates. St. Louis: C. V. Mosby 
Company, 1943. Price, $4.00. 

Self-leaching Tests in Arithmetic for hhirses. By Ruth W. Jessee, R.N., 
M.A. Pp. 111. St. Louis: C. V. Mosby Company, 1943. Price, $1.50. 
Kaiser Wakes the Doctors. By Paul de ICruif. Pp. 158. New York: 

Harcourt, Brace & Co., 1943. Price, $2.00. 

Doctor Pryor: An Autobiography. By Dr. J. W. Pryor. Pp. 312; 17 illus. 

Cynthiana, Ky.: The Hobson Press, 1943. Price, $3.00. 

.■\pplied Anatomy of the Head and Neck. For Students and Practitioners of 
Dentistry. By Harry H. Shapiro, D.M.D., Assistant Professor of AnaL 
omy, College of Physicians and Surgeons, Columbia University. Pp. 189; 
173 illus. Philadelphia, London, Montreal: ,J. B. Lippincott Company, 
1943. Price, $5.50. 

Essays in Biology. In Honor of Herbert M. Evans. Written by His 
Friends. Pp. 687; manj’^ illus. Berkelej’^ and Los Angeles: University of 
California Press, 1943. Price, $10.00. 

NEW EDITIONS 

Chemical Spectroscopy. By W.^ll^vce R. Brode, Professor of Chemistry in 
the Ohio State Univei-sUy. Second ed. Pp. 677; 41 plates. New York: 
.lohn Wiley & Sons, Inc., 1943. Price, $7.50. 

-lu Introduction to Sociology and Social Problems. By DEnoR.\H M. Jensen, 
ILX., B.Sc., M.A., Instructor in Sociology' and Social Problems at Schools 
of Ximsing of St. I^ouis City Hospital and St. Luke's Hospital; Lecturer in 
Xursing Education, Washington University; Fonnerly Social Service Con- 
.sultant to the Visiting Nurse Association, St. Louis. Second ed. Pp. 420; 
78 figs. St, Louis: C. V. Mosby Comp.any, 1943. Price, .$3.25, 

Family Nvirition. Published by the Philadelphia Child Health Societv, 
311 S. Juniper St., Philadelphia 7, Pa. Pp. 119; manv tables and figures. 
Second c<l. Price, 50 cents (special prices on quantitv orders of 10 copies 
and more). 

n edition of the niono^mph wus published by tho Philaticlpliia Child 

itivAlUi N>cictv. Hnco thnt tmu\ additioiml needs have Ivcome imjKirtnnt onoudi 
»o pxdMjMi n id of this lxH>klet r\ yenr Inter. Much of tlie ninterinl is ei:>entin.llv 

Uu' <Mne ns xn the 1st iHiition— the imporfntit rxddilion l>eiup a chapter on menu 
P^MxnmK nnd mtionin^ for Nvnrtxnxe nixtrition nccils. The otlier rhnpter> nnd tnhte- 
linve Nvn brvMiRhl up to date. p p ' 
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NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we have changed the sire of 
our type page for the “duration” to effect an economy in the amount of paper used. 
While there is a smaller number of pages, the amount of material has not been noticeably 
reduced. 

We hope that any unpleasant effect produced by cutting down the margins will bo 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but we are loath to change any more 
than absolutely necessary, a format that has existed practically unchanged since the 
Journal began in 1820. . , 

For the balance of the war, 150 reprints will be supplied gratia. Covers will be 
on all articles. In ordering additional reprints, we will supply in multiples of 1 • 
This modification is for the same reason as the change of format, t. e., conservation o 
paper. 
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THE RECOGNITION OF MENINGOCOCCIC INFECTIONS 

By Paul S. Strong, Captain, M.C. 

FT. EUSTIS, VA. 

(From the Station Hospital) 

The present day concept of the morbid processes involved in the 
pathogenesis of meningococcic meningitis grew out of observations 
made during World War I. During an epidemic at an Army Post, 
Herrick^ was able to recognize about 45% of his cases in the pre- 
meningeal stage, and about 4% of these failed ultimately to show signs 
of meningeal involvement. The finding of the meningococcus in the 
Iilood stream of these early cases led him to describe the pathologic 
process as that of a primary sepsis followed in most, but not all in- 
stances, by a secondary meningeal localization. The path of infection 
of the meningococcus and the resistance of different individuals may 
be sliown diagramatically as in Figure 1. 

i\Icningococcal infection of the nasopharynx is probably of short 
duration and in the majority of cases produces few or no sjauptoms.^-'* 
Long^ believed that the high incidence of upper respiratory tract 
infections in his series of meningitis cases was probably a seasonal 
occurrence, because the majority of the cases occurred in a period when 
respiratory tract infections were common. The involvement of the 
blood stream is the earliest stage where significant recognizable symp- 
toms occur. Hemorrhages into the skin, mucous or serous membranes 
arc characteristic of meningococcal sepsis, but sufficient emphasis has 
not been jdaced on the diagnostic value of these lesions. It is possible 
that this may be due to the apparent infrequency with which the rash 
is encountered in interepidemic meningitis. Craster and Simon- 
stressed the importance of skin hemorrhages in meningococcic infcc- 
li<ms. stating that they are as specific for that condition as is the rash 
of measles t'r scarlet fever.* Describing an epidemic of meningococcic 
meningitis. Smithburn vi a! S' noted petechim in of 144 cases, 

l lerriek <xtnsidered petechiie to be of diagnostic value and noted the 
sign in about one-half of his eases. Of 92 cases which form the basis 

• Uio ('!(ior ti-o of the form "sjMtfcd fever." noxv wisely dir:earcle<l as it 

al» ti-iHl for Jyplni.'. and Rooky Momitain ^]>otted fever. — KniTon. 
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of this report, 82% had petechhe present either at the time of admission 
to the hospital or sliortly thereafter. 

It is our belief that the petechial rash occurs much more frequently 
in epidemic cases than has been reported in the literature. Tlie reason 
for the failure to find the rash has probabh’ been due to tlie lack of a 
careful search for it, to an error in cafling the lesions cajjillary 
hemangiomata, or to the advanced stage of the disease process. 


Fl.!. 




The specific rash of mcningococcemia is always hemorrhagic (I'ig. 2) 
and cannot be obliterated by pressure. A prodromal macniofwipnlar 
rash inav precede the pctecliial eruption but this is not charaeteris » • 
The eruption, if it is going to appear i"y*'nab y b,.nnne.< mam ^ 
before the end of the fir.st 24 hours of mfeetion. Ordinarily (la r.i- i_ 
spar.J and may iu- readily m-erlooked. The ankh-s and wrists probal.Ii 
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oC).*] 

(’onstitnte the best locations to look For the rash as these areas are 
iiorinally free of other types of skin eruptions. .\ny or all ])arts of the 
skill surface, the mucous or serous membranes may be involved. In 
our series, hemorrhages ha^'e been seen on the bridge of the nose; on 
the hard and .soft palates; on the palms and soles; and in the con- 



PiG. 2. — Petechiie aiwut the ankles of a soldier with menitigococcemia. 


jiinctiva;, in addition to the usual sites. Clumicteristically the rash 
■caches its full development within a few hours and fades rapidly, 
coinplotely disappearing within a few days and leaving only a faint 
mnvni.sli discoloration of the skin. The lesions vary in size, shape and 
'•oior. riie majority of them are about 1 to '.i mm. in diameter, aiul 
■■lUigc in .shade from a ro.se color to a deep red. Xot infrequently the 
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petechial spot is surrounded by a small red macule of a lighter color. 
In general, there should be no difficulty in differentiating these lesions 
from small capillary hemangiomata. In the very severe cases, purpuric 
^ots (Fig. 3) or even large ecchymoses may accompany the petediim. 
These are iisuallj' of dark purple to blue-black color and vary con- 
siderablj' in size and shape. Although a widespread petechial and 
purpuric eruption usually occurs in the more severe cases, tlie absence 
of a rash does not necessarily indicate a mild case. 

Rarely will the hemorrhagic form of measles be confused with 
raeningococcemia, because the other associated clinical signs will make 
the diagnosis apparent. Typluis fever and Rocky ]Mountain spotted 
fever present a more difficult differential diagnosis. The severe men- 
ingococcemia may so closely simulate these two diseases as to he 
indistinguishable from them until meningeal signs become evident. 



Fig. 3.— a large purpuric spot and sovcnvl petechire on the dorsum of tlie foot of n 
soldier with mcningococcic meningitis. 


The other signs and symptoms of meningococcal sepsis, although 
less characteristic than the rash, are none tlie less important, 'i’iie 
sudden onset of the disease, frequently in less than <5 hours, in an 
otherwise normal healthy individual, is an almost invariable feature of 
this type of infection. The chills, fever, drowsiness, headache, pallor, 
and pains in the limbs should suggest a blood stream infection. In 
many instances, tlie dissemination of the infection to the nervous 
system is so abrupt following the initial blood stream iru'asion, that 
a preliminary stage of sepsis fails of recognition. Signaling tlie spread 
of the infection to the nervous system arc a series of signs anrl symptoms 
which hardly need enumeration. Perhaps the earliest sign is the severe 
intractable headache. In 99% of some 243 cases of ineningococeal 
meningitis collected by the Surgeon Generars office, hcadaclie was a 
primarj' and outstanding complaint. Of our cases, 94% have had this 
SNTnptom as a chief complaint. The headache is generally felt all o^-er 
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the head but is most severe in the frontal and occipital regions. Unre- 
lieved by any form of treatment, including lumbar puncture, the head- 
ache has been justly described as “bursting.” Vomiting occurs with 
more than average frequency. If present, it is very suggestive of 
central nervous system disease, especially when of a projectile nature. 
Disturbances of consciousness range from mild drowsiness to extreme 
coma. The drowsiness is not infrequently superseded by periods of 
marked irrationality. Other signs of meningeal irritation follow 
jiromptly, nuchal rigidity being the most readily recognized. The 
Kernig and Brudzinski signs soon become positive. Incontinence of 
urine and feces is common in the markedly irrational individuals. 
Rarely are the more advanced signs such as opisthotonus, and pareses 
of the cranial nerves seen because of the prompt administration of the 
sulfonamides. 

Herpes simplex is frequently observed on the lips, nose, ears and 
back of the neck. This may occur any time after the 3d day and is 
seldom of any concern. 

Of the 92 cases in this series, 30 were recognized before there were 
clinical signs of meningeal involvement. Spinal punctures were per- 
formed in 20 of these, and cells ranging in number from 8 to 27 were 
noted in 4 cases. Cultures of 3 of these fluids were positive for Neisseria 
intracclhdaris. Forty of the 90 blood cultures were positive for Neisseria 
intracelhdaris. Meningococci were grown from both the blood and 
spinal fluid in 23 instances. Seven cases of arthritis were encountered, 
3 associated with meningeal involvement, and 4 without. The specific 
organism was grown from the synovial fluid in one patient with menin- 
gococcemia and arthritis, even though the blood culture was sterile. 

Ability to diagnose meningococcic infections in the stage of sepsis 
will vary in different series of cases and in the same series of cases 
dependent upon ; (a) the promptness with which medical care is sought; 
(b) the type and virulence of individual strains; and (c) the resistance 
offered by the nervous tissue of the individual. The history and 
-physical findings alone should ser^'e in establishing a diagnosis of 
nicningococcemia and meningococcic meningitis. Laboratory confirma- 
tion should be sought in all instances, but treatment must not be 
withheld for this reason. Delay of 24 hours may mean the difference 
between treating a blood stream infection and a blood stream infection 
complicated by involvement of the central nervous system. 

Summary and Conclusions. 1, An understanding of the patho- 
genesis of meningococcus meningitis is essential in order that the 
significance of its early signs may be appreciated. 

2. Sufficient emphasis has not been placed upon the diagnostic 
value of the petechial rash in meningococcic infections. 

3. Seventy-six out of 92 cases (82%) of meningococcic infections at 
this Post had petechial eruptions. In 5 instances a maculopapular 
rash was noted preceding the typical hemorrhagic eruption. 

•1. As the characteristic rash usually appears during the septicemic 
stage, its recognition will enable the early diagnosis of the disease. 

•X In a number of instances the preliminary stage of sepsis may fail 
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detection as the dissemination of tlie infection into the ner^’ons svstein 
is often very rapid. 

G. IMeningococceniia and ineningococcic meningitis may occur in the 
ahsence of the characteristic rash. 
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MENINGOCOCCEMIA 
Bv Et'UKNE P. ('ampheli., M.]).* 

ASSISTANT PROFESSOR OF EPIDEMIOLOIJY 

phiu\delphia, pa. 

(From tlie University of Pennsylvania Scliool of Medicine) 


During the jiast four decades at least 88 case reports of nieningu- 
coecemia have appeared in the American and British literature. "I'his 
clinical syndrome first described by Soloman^ and siil)sec|nently by 
Ilerrickv^ Dock,^^ ■Morgan/” Graves ci AppelbannU and otliers is 
characterized by a long-standing intermittent fever, cutaneous rash, 
arthralgia, myalgia, headache and the presence of tlie meningoeoeeu.'^ 
in the blood stream. This paper is a clinical rejiort of o new cases and 
an analysis of 85 cases collected from the literature that fall into tiie 
confines of the group of prolonged cases in which wo arc interested. 

Pathogenesis. The clinical group of infection.s caused by the luen- 
ingococcus has increased during the jiast half century, from a single 
clinical syndrome, meningitis, to several clinical entities. I'he earner 
state, nasopharyngitis, endocarditis, arthritis, nieningococceniia, m 
addition to meningitis, show the extent to which the various tissues 
of the body are susceptible to this organism. In spite of tlie attention 
jiaid to the discovery of the various infections caused by tliis orgarusin. 
we are not yet in a position to set forth a complete story of the patho- 
genesis of meningococcal infections. The controvensy still pn'vaib 
regarding such a fundamental feature as the route of invasion. 1 he 
“direct extentioners'' and the “blood streainer.s” lune not eoni|)leteI> 


settled their differences. Finding the organism in the nasopharynx 
and in the exudate at the base of the brain led to the conclusion that 
the most direct route of entrance was along the nerves. Gthers*^ have 
demonstrated potential perineural j>athways and by analogy with 
staphylococcal, streptococcal and pneumococcal meningitis followuii: 
sinusitis have assumed the same chain of eircunistanecs for iiieniug^^ 
coccal infections. 1'here is some support ff)r tin’s idea in the report of 


♦ Currently with the Coortlin.atf^r Intor-Amrrifan .XfTrtir-. nivMmi of H^A!fh nr.4 
Sanitation. AVa^hincton, D. C. 
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Hinhletoii" who foiitul that 32 out of 34 persons flying of ineningoeoc- 
cal tnoningitis had empyema of the sphenoidal sinus. In 3 of these 
instances tlic meningococcus was found in the bone. 

As early as 1907, Flexner^^ noted that the same basal type of exuda- 
tive proce.ss developed at the base of the brains of monkeys even 
though the meningococcus was introduced into the lower spinal canal. 
'Fills fact led him to feel that the theory of direct extension was invalid 
if based on proximity alone. A few years later, hon'e\'er, he favored 
the direct extension route. ELser and Huntoon-^ summarized the 
problem up to 1909 and concluded by supporting the blood .streamers. 
Merrick-® divided meningococcal sep.sis into three .stages: the local 
infection in the nasopharynx, the general invasion of the blood stream 
and finally the metastatic localization in the various organs of the body. 

'J'he usual narrow localization of the meningococcus on the posterior 
wall of the nasopharynx in the region of the jiharyngeal tonsil has 
often lieen noted; the non-olxservance of this fact has caused many a 
carrier survey to fail. Buddingh® has admirably demon.strated the 
various stages of the meningococcal infection in the developing chick 
embryo. Virulent meningococci after being engulfed by white blood 
cells have been shown to cause phagocytolysis (breakdown of phago- 
cytes) due to meningococcal toxins with subsequent liberation of the 
organisms.''® These facts have caused us to reexamine the mechanisms 
surrounding the portal of entry which might bear on the problem of 
the route of invasion. 

The secretory activity of the mucous membranes tends to wash the 
organisms from the nasal cavity into the pharjmx. If a foothold is 
gained in the region of the pharyngeal tonsil the organisms may cause 
a local inflammation and hyperemia. If they permeate the mucous 
membranes and enter the lymphatic system they will meet the lymph 
node barrier and eventually reach the superior vena cava. Should 
they be engulfed by the white cell phagocytes, often found on the outer 
surface of the mucous membrane, and phagocytolysis occur after the 
white ceils have reached the blood, the Ihdng organisms would be 
virtually injected into the blood stream. There are, no fluid drainage 
tracts which normally operate from the nasal cavity and es])ecially the 
posterior nasopharynx directly into the central neiu'ous system. 

Furthermore there are many reports of reco\'ery of the meningo- 
coccus from the blood before meningitis sets in, many also in which 
meningitis never occurs. In certain instances of fulminating infections 
a greater number of organisms have been found in the lateral ventricles 
ot the brain than in the spinal fluid,''® a fact not easy to explain if one 
believes in the direct extension theory. It has been shown that men- 
ingitis can be produced in rabbits by intravenous injections of men- 
ingococci following the production of hyperemia of the meninges® and 
also following spinal drainage.®® 

Flic gradual accumulation of experimental evidence may e\-entually 
settle this important problem. At the present time, however, in view 
nf the uncertainties, one can only say it appears likely that the usual 
route of invasion is by way of the blond stream. 
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Case Reports. The introduction of chemotherapy has resulted in 
important changes in the methods of treating this tj^pe of infection. 
The following case reports illustrate certain aspects of chemotherapy 
in meningococcemia. 

Case 1. J. C., a 20 3 "ear old white Chilian Conservation Corps enrollcc 
was admitted to the Walter Reed General Hospital on March 21, 1939, witli 
the complaint of intermittent chills, fever and general malaise of 2 weeks 
duration. This patient had had a generalized ichtltyosis of moderate degree 
throughout his life. His past historj" was not important. No plwsical 
abnormalities were noted other than the ichth 3 "osis simplex and a skinVash. 
Scattered over the arms, forearms, legs and thighs were pink maculopapular 
lesions about 1 cm. in diameter. These areas were tender and seemed to be 
more numerous on the parts of the body least affected by the ichthyosis. His 
blood culture was positive for Group I-III meningococcus 9 da 3 ’s after admis- 
sion. SuKapj^ridine was started at once and during the succeeding 11 da}T 
the patient was ^ven 41 .6 gm. He made a prompt recover^" with no complica- 
tions after an illness of 7 weeks. No change in the ichthj'osis was noted as a 
result of the chemothe^ap 3 ^ 

Case 2. T. K., an 18 year old white Ci\'ilian Con sensation Corps enrollcc, 
was transferred from a ci\ilian hospital to the Walter Reed General Hospital 
on Februarj' 17, 1939. One month prior to this date, the patient had been 
admitted to the cmlian hospital 'with meningococcal meningitis. He was 
promptly" treated 'with antimeningococcus serum with excellent results and 
prompt recover}'. He was just about to be returned to duty when he began 
ha\ing joint pains, a low grade intermittent fever and a generalized rash 
“similar to insect bites.” No other ph 3 ^sical abnormalities were noted, the 
heart was normal and there were no murmurs. He presented no evidence of 
meningitis. Three successive blood cultures were positive for Group I-III 
meningococcus. He suffered dail}' temperature elevations witli chills until 
2 da3^s after sulfanilamide was started when he became afebrile and made a 
prompt recover}'. He received 37 gm. of sulfanilamide in 9 days. The dura- 
tion of this patient’s illness was approximate!}' 7-1 weeks. 

Case 3. W. P., a 17 year old w'hite Ci\'ilian Conservation Corps enrollcc, 
was admitted to the Walter Reed Hospital on June 7, 1938, with the complaint 
of a headache, fever and weakness of 2 weeks duration. It Avas learned that 
he had had meningococcic meningitis in Febniai^' of 1938, Avas treated Avith 
semm and recoA’ered AA'ithout complication. He had enjoyed good health 
until 4 days prior to this Avhen he complained of a fcA’cr and, for the first time, 
noted the presence of a macular rash. 

Physical Exarninalion. The patient Avas not acutely ill. The temperature 
Avas 98.8° F., the pulse rate 88 and the respirator}' rate 20. His throat Avas 
injected and his tongue Avas coated. A red macular rash Avas observed on his 
feet, ankles, legs, thighs, buttocks and dorsum of the forearms. The early 
lesions Avere red, slightly ele\’ated, round, regular, discrete and blanched on 
pressure. The older lesions Avere more elcA'ated, had ]nirj)le hemorrhagic cen- 
ters Avhich Avould not blanch on pressure. Some of the lasions Averc crusted. 
There Avere no scratch marks. The heart and lungs Averc nonnal. The bloml 
pressure Avas 120 s}'stolic and GS diastolic. The spleen was not palpable and 
no other physical abnormalities Avere noted. . . t 

Laboratory Data. The initial blood e.xamination showed 4.1 million rod 
blood cells; 809c hemoglobin and 30, GOO Avhitc blood cells (889c neutrophils). 
Blood Wassennann and Kahn reactions were negatiA'c. Agglutinations for 
RocIca' Mountain spotted fever, bniccllosis and tularemia Avero ncgatu'c. 

A blood culture made on the 3d day, using an enriched rncclium, Avas .strongly 
positiA’C for Group II meningococcus. The first negative blood culture \va< 
obtained 19 days after admission.* 

♦ Thanks are duo to Dr. Sara E. Branham, of the Nation.M InMittite of Hratth. 
Washington, D. C.. for tA^ing the mcninf^ococci recovered from the^c patient^. 
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Course. The first 22 days of this patient’s illness were characterized by 
daily paroxysms of fever, chills, crops of petechial spots and generalized 
arthralgia. Sulfanilamide in 1 gm. doses, 4 times a day, was started on the 
4th hospital day and, though the patient continued to have fever, the rash 
disappeared until the 8th hospital day. He was desensitized to antimeningo- 
coccus serum and given 20 cc. intravenously. Additional serum was admin- 
istered as indicated in Chart I but without' beneficial results. Sulfanilamide 
was again tried in 25 gr. doses, 4 times a day for 4 days. The blood concen- 
tration reached 7 mg. per 100 cc. On the 4th day his red blood count had 
fallen to 2.7 million and the drug was discontinued. His temperature returned 
to normal on the 30th day of his illness and, after several weeks of convalescence 
he recovered without sequelae. A total of 71 gm. of sulfanilamide and 195 cc. 
of antimeningococcus serum was used in the treatment of this patient. 
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Chart I. — Case 3. 


Clinical Characteristics of 88 Cases of Meningococcemia. This analysis 
of 88 cases, which includes tlie above 3 case reports, attempts to glean 
from the literature a more precise average clinical picture of this syn- 
drome, as well as a better appreciation of some of its variations. Cases 
selected for this study were chosen on the basis of the prolonged course 
and the recovery of the meningococcus from the blood. There are a 
few reports in which the syndrome was identified after the eventual 
onset of meningitis and the subsequent reco^"ery of the organism from 
the spinal fluid. In 3 cases described by Krumbhaar and Cloud, *- 
and not included in this analysis, with sudden onset of meningitis, 
meningococci were isolated from the spinal fluid and meningococcic 
vegetative endocarditis was found at autops 3 ^ 

Of the SS patients, 60 (69%) were males, 20 (33%) of whom were 
m the age group 20-29 years. The age distribution of 85 patients is 
iwcsented in Table 1 using the age distribution of the population of the 
United States under 70 years for comparison. The e.xact age was not 
indicated in 3 case reports. 

It will be observed that in the third decade the number of cases is 
nesirly twice as great as one would expect. This difference is significant 
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and it might he interpreted to mean tliat persons in this age group are 
more liable to have meningococccmia than at any other age. This 
idea is strengthened by the fact that the two adjacent age groups also 
liave higher relative incidenees than might be expected. Nevertheless. 
I think this conclusion can only be advanced as a tentative one until 
tnore information is obtained. 


Table 1.— Age Distribution of S5 Cases of Meningococckmia 


Af;e groups 

Xo. of 

7c of 

7c of r. 

population umItT 

cases 

eases 

70— 1030 ceii'.us 

0-9 ... . 

. . . . s 

9 

20 3 

10-19 . . . 

. ... 19 

22 

19 S 

20-29 . . . 

. . - 27 

32 

17 4 

30-39 . . . 

15 

IS 

15 4 

40-49 . . . 

. . . 12 

14 

12 7 

50-59 

. . . .3 

4 

N a 

00-09 . . . 

. . . 1 

1 

5 5 


— 

— 

— 

Tot:il . . . . 

. . . So 

100 

UH) 0 


Tl)e duration of tlie illness from the onset of symptoms to cure was 
estimated in 80 case reports. The averap^e duration was necks 
with extremes of 2 weeks and 121) Aveeks. In general, the younger t)ie 
patient the shorter Avas the duration. An attempt to determine the 
seasonal prevalence of this disease was attended by little success. In 
4(> case reports the month and day of admission to the hospital were 
tl)c only accurate dates obtainable, and if they are used the monthly 
prevalences are as follows: July, 7 eases; I\Iarcli and Xoveinber, ca(‘h 

0 cases; January, February, June, September and Dcceznljcr, eacl? 
4 cases; August and October, each 3 cases; May, 2 cases; and April. 

1 case. It is to be noted that the duration of illness l>eforc admission 
to the liospital, the year of the attack, geograjJuc location and the 
possible direct relation to epidemics of meningococcal meningitis wen^ 
not taken into account. 

Tablf. 2. — Frequency of Occurrence of Various Signs ano Symi*toms in 
SS Cases of Meningococckmia 


I. Fever . 

Male 

patient*^— 00 

57 

I'Viuale 
I>atient.‘>- 2S 

25 

'r<ilal 

patient^- 

2. Hash . . . 

. - 53 

25 

78 

3. Artliralpia 

. . . 39 

10 

55 

4. Chills . . . 

. . . 30 

IS 

48 

5. Headache . 

. . . 2S 

12 

40 

0. Myalpia 

. . . 10 

0 


7. Arthriti'i 

. . s 

4 

12 

S. Vomiting , 

. . . 

4 

10 

9. Palpable splet n 

. . . 0 

4 

10 

10. Sore throat 

. . . 0 

3 

9 

11. Sweating . 

7 

•> 

*1 

12. Weakne?^s 

5 

o 


12. Herpe.-^ 

‘1 

1 

.5 

4 

M. . 

1 

3 


The frequency witli wiu'ch tiie \-ari()n.s .signs and .symptoms (iceiirn-d 
is shown in Table 2. ('ertain liberties were taken in the interprct.'ition 
of a few reports. "Generalized aehe.s and |)ains.” for example, were 
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interpreted as arthralgia and myalgia in reports where these latter 
terms were not used, “Joint pain” was interpreted as arthralgia. 
“Swollen, tender joints,” or “swollen joints” were classified as arthri- 
tis,-^® and tonsillitis or pharyngitis as sore throat. 

P'ever, rash, arthralgia, chills and headache constitute the five impor- 
tant features of this disease. Sore throat which might be expected to 
occur frequently, because of the portal of entry, was noted only 9 times. 
An enlarged spleen was recorded 10 times. The infrequent occur- 
rence of herpes labialis was a bit surprising considering how often it 
occurs in acute meningococcal meningitis. F urthermore, 4 out of the 
5 cases of herpes occurred in males, and all patients with this sign 
were in the third' decade of life. In general, the frequency of occur- 
rence of the subjective symptoms was lower in the first as compared 
with the later decades. Arthralgia, for example, was recorded only 
twice in 8 patients (28%) under 10 years of age, whereas it was noted 
18 times in the 19 patients (68%) of the second decade. 

In an earlier study^® rash was noted as the most common feature. 
Several authors in the past 5 years have been specific in denying the 
presence of a rash. In 10 case reports out of the total (11.4%) there 
was no mention of a rash. This, I believe, is an important and encour- 
aging change which supports the idea that blood cultures should l)e 
repeatedly made in all instances of obscure fever. As time advances 
it is conceivable that the symptom complex for meningococcemia will 
have rash in the third or fourth place. 

The characteristics of the rash ^^aried from a sparse ])etechial eruj)- 
tion to a diffuse one that commonly recurred in crops. The individual 
le.sions varied in size from minute “flea bite” petechiae to papules 
1 to 2 cm. in diameter. White centers and subsequent suppuration 
were rarely noted. The most frequent lesion was a small pink papule 
with a red center located chiefly on the chest, arms and legs. The 
purpuric or suggillation type of rash so frequently seen in the fulminat- 
ing types of meningococcal infection was not noted in the prolonged 
and chronic forms. Richter, Harrison and Abernethy, Brown-*' and 
.■\ppelbaum* have published good photographic reproductions of the 
rash. 

Generalized aches and pains in the joints and back are prominent 
features of this disease. Often these symptoms appeared only at the 
time the patient was having an elevation in his temperature, subsiding 
during the afebrile intervals. These symptoms occasionally caused the 
physicians to make an initial diagnosis of rheumatic fever, and salicyl- 
ates were often given only to find that the fe^'er was of an intermittent 
type even following the full doses ordinarily employed in rheumatic 
fever. In these reports a search for malaria plasmodia in the blood 
was frequently noted because of the similarity of the fever variations 
to a tertian or quartan type, and quinine was occasionally given on an 
empirical basis. 

Meningitis occurred as a complication in 25 patients. A point of 
considerable importance is the relationship between meningitis and 
fatality. Riven and A])plebamn-*® regarded meningitis as a bad prog- 
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nostic sign. Appelbaum^ and \'esell and Barsky®^ were of tlie opinion 
that the presence of this complication does not make the outlook more 
serious.^ Chalier, Giraud and MoreP^ studied 27 cases of meningo- 
coccemia. In S cases without meningitis there were 4 deaths; in the 
remaining 19 cases with meningitis there occurred 6 deaths. They 
concluded that the localization in the meninges is favorable and helps 
the body to rid itself of the general infection. Among the 25 patients 
in the present report who developed meningitis there occurred 6 deaths; 
only 4 deaths occurring in the 63 patients without meningitis. This 
represents a statisticalh* significant increase in the fatality in the 
meningitis group which fact would place some reliability upon the 
presence of this complication as an unfavorable prognostic sign. All 
patients dex^eloping meningitis who were over 39 years of age died 
(5 patients). Only 1 death occurred among the 20 patients with 
meningitis under 39 years of age (Table 3). It seems therefore that 
not only is meningitis a bad prognostic sign but the outlook is most 
serious when meningitis occurs in the older age groups. In 5 instances 
meningitis occurred before the prolonged meningococcemia set in. 
One patient had two separate attacks. i\Ieningitis as a complication 
occurred most frequently between the 5th and 10th weeks of illness. 
Table 4 gives the frequency with which other complications occurred. 


Table 3.— Meningitis Occurring as a Complication in 25 Patients 
With Meningococcemia 
Male Frmalo Total 


Arc proxips 

No. 

Fatal No. 

Fatal No. 

Fatal 

Fatality 

{%) 

0-9 ... . 

0 

2 

2 


0 

10-19 . . . 

o 

1 

3 


0 

20-29 . . . 

. 10 

1 2 

12 

1 

8 3 

30-39 

2 

1 

3 


0 

40-49 . . 

o* 

2 2 

2 4 

4 

100 

50-59 

I 

1 0 

1 

1 

100 

Tata} . . . 

. 17 

4 S 

2 25 

6 


Endocarditis was 

a complication which did not lend itself well to 


statistical study because of the indirect nature of the evidence presented 
as diagnostic of this condition. No uniformity of opinion exists as to 
the ill vivo diagnosis of endocarditis caused by the meningococcus and 
postmortem evidence is scanty.^- It seems most probable that the 
septicemic stage precedes both meningitis and endocarditis; conse- 
quently, in certain instances it is difficult to draw a line between the 
more characteristic cases of endocarditis and meningococcemia. It is 
believed that when vegetative endocarditis docs set in as a coinfilication 
of meningococcemia, the characteristic clinical picture of alternating 
periods of well-being with periods of indisposition, arthralgia and bouts 
of fever is changed. Tlie patient whose condition is eventnnlly proven 
to have been meningococcal endocarditis usually presents a symptom 
complex similar to the following: an intermittent fever whicli changes 
to a continuous one, this change being associated with tlie onset (d 
weakness;, loss of weight, congestive failure, cardiac incompetence, 
anemia and death.'*^'^^ In this group of SS patients, 13 (15^^) wre 
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thought by their respective physicians to ha^^e had endocarditis, 4 of 
them diedd®'^^'^^ Necropsies were performed in 2 of these fatal in- 
stances and no endocarditis was foundd®-®^ 

Table 4.— Frequenct of Occurrence of Various Complications and Associated 


Conditions in 88 Cases of Mbningococcemia 

Cases Cases 

Meningitis 25 Hemiplegia 1 

Endocarditis .... 13 Thrombophlebitis ... 1 

Nephritis 8 Jaundice 1 

Anemia 6 Polycystic kidney ... 1 

Pneumonia 2 Diabetes 1 

Epididymitis .... 2 Congenital ichthyosis 1 

Pericarditis ..... 1 Banti’s disease .... 1 

Multiple abscesses ... 1 Conjunctivitis .... 1 


Orgain and Postoid^ report an extraordinary coincidence of men- 
ingococcemia, pericarditis, pneumonia and thrombophlebitis in one 
patient. Two impacted wisdom teeth were extracted and this was 
followed by swelling of the neck and later fever and dull substernal 
pain. Sulfanilamide was administered with partial recovery until 
15 days after the tooth extraction when the patient was readmitted to 
the hospital. Meningococci were recovered from his blood stream and 
pericardial fluid. He was treated with sulfanilamide and serum and 
after an illness lasting 68 days recovered without sequel. 

Nephritis was reported in 8 patients, 5 of whom were in the first 
two decades of life. The nephritis was of the acute glomerular tj^pe. 
One patient^’*' died of nephritis 6 months after recovering from men- 
ingococcemia. The authors who reported this case believed there 
was some obscure causal relationship between the meningococcemia 
and nephritis. Anemia so frequently observed in other types of septi- 
cemia was noted only 6 times in this study and, in at least 1 of these 6, 
it was due to chemotherapy. 

Heinle®'^ describes the illness of 1 patient who had two well-defined 
and proven attacks of meningococcemia 2 years apart. This patient 
died in the second attack from “ causes probably unrelated to the 
meningococcic septicemia.” Cirrhosis of the liver, nephrosclerosis, 
bronchopneumonia and hemorrhage into the cerebellum were dis- 
covered at necropsy. 

_ The treatment of meningococcemia has undergone important changes 
since the advent of chemotherapy. It is very difficult to make a true 
analysis of the curative effect of the various agents because of the 
tendency to use combined methods and also due to wide ^•ariations in 
amounts employed. Only those cases are being considered here in 
which no treatment, serum, or one of the sulfonamide derivatives was 
used. From Table 5 it will be seen that there is no significant difference 
hetween the no treatment group and the serum group. If, however, 
the serum group (46 cases) is compared with the whole chemotherapy 
group (14 cases) the difference in fatality is highly significant. 

-V total of 10 deaths (11%) occurred among the 88 patients. The 
•> deaths not accounted for in Table 5 occurred as follows: 1 following 
Ircntment with antitoxin, sulfanilamide and blood transfusions; 
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another following the use of transfusions alone; the third after treat- 
ment with serum, emetine and mercurochrome. If the first death is 
credited to the chemotherapy group (15 cases) and the third credited 
to the serum group (47 cases) the difference in fatality is still significant. 

Tablk 5.— Results of Tbeatment in GS Patients With 


Method of treatment 



I atalit\ 

* 

1. No therapeutic agent used 

. . S 

2 

2.>.0 

2. Serum alone . 

. . 4G 

5 

10 0 

.3. Sulfanilamide alone . . . . 

. . G 

U 

4. SulfapjTidine alone . . . . 

7 

0 


5. Sulfadiazine alone 

. . 1 

0 


Total 

. . (>S 

7 



The 20 patients not included in Table 5 Avere treated vciih various 
combinations of the following therapeutic agents: antinieningocoecal 
serum, azititoxin, blood transfusions, normal horse serum, autogenous 
vaccines, sulfanilamide, sulfapyridine, emetine, mercurocliroine, hexa- 
methylenamine, and fever tlierapy. 

Reactions to antimeningococcal serum were frequent and in certain 
i/jstanees very severe. These reactions 'I’aried greatly from znarked 
liypersensitivity to mild serum sickness. In several instance.s recovery 
seemed to follow the febrile reaction to the serum. Baehr’s^ patient 
had suffered from meningococcemia for 3 weeks. Iinniodiatcly after 
the intravenous injection of O.I cc. of antimeningococcal serum the 
patient’s temperature rose to 10G.4° F., remained at this level for 
about an hour, and then returned to normal. Tlie patient promptly 
recovered after this episode. 

The average dose of selected therapeutic agents is given in Table G. 
^"om^ting complicated the treatment of 1 patient with sulfapyridine. 
An anemia resulted from the use of sulfanilamide in Case 3 above. 


Tmo.e C. — The Amount of Selecteh Theuapeutic Aoents Uhkh in the 
T nEAT^IENT or Mentnoococcemi.^ 

No. of AvpraK<‘ total 
Tlu‘rapc*utic u"pnt Iiatipnts 

1. Antimeningococcal ."^onini IS 2vSl cc. 15-Gao or. 

2. Sulfanilamide 5 50 cm. 10- MS cm. 

.‘t. SulfapjTidino* .... 3 2(» cm. Ui-'.U cm. 

4. Sulfadiazine ... 1 51 cm. 

♦ A fourtli patient received .350 cm. of ^ulfapyrifline. 

The meningococcus was cultured from each of the SS patic/its hu^ 
not always without difficulty. Frc'fpicntly several bloot) cultures wen* 
made before tlie organisms were recovered. With the steady impnive- 
ment in our cultural methods as a result of a iietter understaiifling nf 
the organism s growth rcrjuirenicnt,''^ luorc and more east's are bemi: 
diagnosed in tlie early .stages. Tlie organisin.s from 14 jmtients wr** 
typed, 0 were Group 1~I11 and 7 were Group Il-IV. 1 was ilercnhed 
as of the ‘‘normar* type^'^—possilily, but not necessarily. Group b y ^ 

There are two important aids to (ho diagnosis of this efuiditiom 
The first and most important is to think of merrmgococf.‘emia whenever 
a patient presents a clinical picture eliaracterized Iiy prrilongefl inter- 
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iiiittent fever, rash, arthralgia, chills and headache. The second is 
the routine employment of frequent blood cultures made with enriched 
media. Stott and Copeman®^ state, “ We believe that chronic men- 
ingococcal septicemia is so characteristic that bedside diagnosis is 
simple.” Kennedy®* makes the following observation: “Given a case 
of erythema nodosum, suspect meningococcus infection.” 

Summary, 1. As indicated by this analysis of 88 cases, meningo- 
coccemia is characterized by the following signs and symptoms in order 
of their frequency of occurrence: a long-standing intermittent fever, 
a polymorphous rash, arthralgia, chills and headache. 

2. Meningitis occurring as a complication in meningococcemia, 
particularlj" in the older age groups, is associated with an increase in 
fatality and is belie\’^ed to be a sign of bad prognosis, 

2. The most favorable results from treatment were obtained by the 
use of chemotherapy. 

I wish to acknowledge the many lielpful suggestions and criticisms made by Dr, E, 
Douglass Burdick during the preparation of this paper. 
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THE HYPERKHTETIC DISEASES 

By Eli Moschcowitz, M.D. 

PHYSICIAN, MT. SINAI HOSPIT.^L*, ASSISTANT PROFESSOR, CLINICAL .MKDICINK, 
COLUMBIA UNIVERSm'; CONSULTING PATHOLOGIST A.VD 
CONSULTING PHYSICIAN, BETH ISRAEL HOSPITAL 
BROOKLV.V. .V. V. 

XosOLOGiCALLY', maladies in \vliicli the cause is reasonably clear may 
be broadly classified into fi\’e groups: (1) congenital altnorrnulities <if 
tissue or of chemical metabolism; (2) diseases of endocrine origin; 
(3) the deficiency diseases; (4) others resulting from exogenous factors 
(something foreign, a toxin, a trauma, a I)acterium, for instance, has 
invaded the organism resulting in disordered anatomy and function); 
(5) the hyperkinetic diseases which arc predominantly endogenmis in 
nature. In this group, the maladies arise largely conditioncf! by j)sy- 
chosomatic factors, the result of the impact of en%-ironmcnta! milueiuT 
upon a constitutional background. I n tlicse diseases there is a primary 
exa'Tgeration of normal functions Yvhiic marked anatomic clmngus fol- 
low!' It has hitherto been rlifficult to rcc-ognize that disordered function 
may sometimes precede morphologic ciianges, hccatise of the hitherto 
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domination of the Continental School which taught that morbid anat- 
omy precedes changes in function. The concept of hj^perkinesis is 
important for the interpretation and integration of a group of maladies 
whose etiology is conventionally regarded as uncertain or unknown. 
Furthermore, these diseases are increasing rapidly, as hospital morbid- 
ity statistics eloquently testify; and, because of their prolonged and 
recurring nature, contribute in a large measure to the increasing cost 
of sickness. 

In order to elucidate this thesis, we shall consider some of the 


normal body functions and try to show how their exaggerated trends 
represent the dominant expression of certain well-recognized diseases 
and, how, with the initiation of the hyperkinesis, there results an 
orderly biologic progression of the disease from a larval to the fully 
fledged type. 

1. Normal Intra-arterial Pressure. Its exaggerated phase is hyper- 
tension of the greater and pulmonary circulations. In this report we 
shall refer only to hypertension of the greater circulation. In a recent 
publication,®^ I discussed the currently recognized causes. These are 
arranged in what I regard as the order of frequency: (1) psjmhologic; 
(2) persistent Graves’ syndrome; (3) renal; (4) adrenal blastomata or 
paraganglioma; (5) congenital peripheral resistances;* (6) increased 
intracranial pressure; (7) carotid sinus; (8) lead poisoning; (9) Cush- 
ing’s syndrome; (10) obesity. Of these, all but the hypertension aris- 
ing from the first two factors represent processes in which morbid 
anatomy precedes the exaggeration of function. In the first two, i. e., 
hypertension of psychologic origin and that occasionally following per- 
sistent Graves’ syndrome, the hypertension represents the primary 
process in the sense that it is the earliest clinical manifestation, so-called 


“essential” hypertension. Elsewhere®® I have detailed the factors 
that condition the initiation. Physically, hj^pertensive individuals 
tend to be soft muscled, unathletic in type and bodity movement, 
pudgy, short-necked, ungraceful and overweight. There is a definite 
relation between obesity and hypertension. Psychically, they are 
the antithesis of the child in mental makeup. They do not play, 
they are irritable and have single-track minds without aA’'ocations. 
While their mental horizon is narrow, within this range they are tense 
and pursue their aims with a grim desperation. That heredity is a 
factor in the production of hj-pertension has been well attested,^® 
hut in how far the hypertensive constitution is genotypic or phenotypic 
IS still problematical. No one can deny that there has been a definite 
increase in essential hypertension in recent decades, as the present 
uppalling mortality from the cardiovascular-renal syndrome testifies. 

, elsewhere®® discussed the influences that ha\'e brought about 
fills increase. Briefly, I belie\'e they may be explained, at least in 
liiirt, as a by-product of modern civilization, of the stresses and strains 
that modern living entails. Testimony for this statement is the strik- 


of this phrase having been questioned, the author replies; "I purposely 

set the term congenital to include the cases of congenital stenosis of tlie aortic isth- 
nnis. 
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uifc increase in modern times of hypertensive disease in tiie northern 
negro,"" whereas in his native habitat in the heart of African, hyperteib 
sion is unknown^" It probably is not diet, because diet, exeej)t in so 
far as it is higli caloric, does not induce hypertension- ]\Ioreover, the 
diet of northern negroes has not changed. It cannot he climate because 
this has not varied, I suspect that the reason may he iudustrialixation 
and the competitive forces of modern civilization. 

^ In^ other words, essential iiypertensiou of tfie greater circulation, 
like infection and other disease conditions, is the resultant of a back- 
ground and an insult. Either factor alone is insufficient. 

The ultimate anatomic consequences of essentia! hy})ertcnsion <if 
the greater circulation are familiar— arteriosclerosis and eventually the 
catastrophic evidences of the cardiovascular-renal synrlroine. 'Fhc 
sequential relation of hypertension to arteriosclerosis and its attendant 
anatomic plmnomena has been questioned, because the decrescent or 
senile type of arteriosclerosis occurs even without hypertension. 'rhe>c 
observers forget that hypertension is not an absolute but a relative 
value and that it is merely an exaggeration of the normal intravas<‘ular 
tension which by itself, given sufficient time, will produce arteriosefero- 
sis. The evidence for tliis point of ^'icw lies, as I have pointed out,’* 
in the independence in incidence l^etwcen arttTi{)sckTosis of the greater 
and lesser circulation. Gross arteriosclerosis of the pulmonary artery 
occurs almost exclusively in conditions in which a hypertension of tlu* 
pulmonary circuit can be predicated, such as mitral disease, emphy- 
sema, etc. Xow inasmuch as the normal pnlm^mary pressure is ojily 
one-sixth that of the aorta, the probability is very strong that even 
under extreme conditions, the pressure in the pnlnionary circuit 
approaches the normal pressure in the sy.stcmic circuit, "J1ie <‘onelu- 
sion is obvious that if pressures less than the normal aortic prosurc 
can produce arteriosclerosis in the pulmonary circukation, tim normal 
systemic pressure, given sufficient titne, can produce the decrescent or 
senile type of arteriosclerosis of the greater circulation. The following 


equation was therefore suggested to cover some of the factors: arterio- 
sclerosis = intravascular pressure X time. There are, it is true, sc^uid- 
ary conditioning factors involved in the genesis of arteriosclerosis, for 
instance, the chemical composition of the blood, the vascular supply 
the walls of the vessels, intravascular stresses and perivascular 
ance;’^ but these factors merely modify the lesion and affect it.^ dis- 
tribution. A])parently, normal intravascular pressure is the only 
mal function tliat lias been shown to give rise to anatfunif' and smne- 
t lines to actual clinical flisease. In this sense, arteriosclerosis (at lea^jt 
anatomic but not necessarily clinical) is the inevitafile flestirn of nil 
animals who have a vascular sy.stcm such as our own (f’hnrt I). 

This chart explains why visceral arteriosclerosis even though pafeln 
in its distribution is only exceptionally single in its clinical manifes- 


tations. 


Inasmuch as the principal process (iistiirhed in (I^av(^■^ dix-aM i' 
the basal metabolic rate, we slmll discuss the syndrome more fufi.- 
under that functional heading. At this time, we need only point out 
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that hypertension of the greater circulation is one of tlie possible 
sequences of uncured or spent Graves’ syndrome. In the earliest 
j)hases, the sj'stolic pressure is usually elevated with a low diastolic 
j)ressure, probably due to the shunt engendered by the enormous in- 
crease in vascularity of the thyroid gland.' If the malady persists, 
these pressures no longer are labile and become more or less fixed. 
Eventually, both systolic and diastolic pressures rise and. in the course 
of many years, the ca^dio^'ascular-renal syndrome arises in one or 
more of its manifestations. It has been my fortune to ha^•e observed 
this sequence of events in a considerable number of instances, espe- 
cialb' in older patients afflicted with persistent Graves’ disease. Page'" 
describes a sjmdrome, usuall}" occurring in young women with essential 
hypertension, characterized by a high-strung temperament, tremor, 
tachycardia, perspiration, slight enlargement of the thyroid gland, 
sensitivit}' to cold and a slightly elevated basal metabolism, which he 
helieves is due to diencephalic stimulation. His description certainly 
fits that of Gra^'es’ syndrome and I suspect that this disease is the 
cause of their hypertension. Inasmuch as I have tried to show (v. i.) 
that Graves’ disease is largely a personality disease, the psychogenic- 
origin of some cases of essential hypertension cannot be ignored. The 
fact remains that Graves’ disease may occasionally be followed by the 
same clinical sequehe as those of essential hypertension. 


Chart 1.— Possible Anatomic and Clinical Sequences 


Normal tension \ Artcrio- 
Hyj)ortcnsion J sclerosis 


Brain (cerebral arteriosclerosis; apoplexy). 
Retina: retinopathy* 

Heart: coronaiy disease; arteriosclerotic 
valvular disease; myocardial insufficiency 
Pancreas; capillary fibrosis of islands of 
' Langerhans (diabetes). 

Splanchnic artcriocapillaiy fibrosis. 

I Kidney: artcriocapillary fibrosis; nephro- 
j sclerosis. 

1 Extremities: arteriosclerotic gangrene. 
(General arteriosclero.sis; cachexia; atrophy. 


2. Baml Mefabolir Rafc. The disease in which hyperkinesis, i. c., 
increased basal metabolic rate, is a dominant expression is Graves’ 
disease. 

In a jirevious paper-’'’ I tried to show that Gra\-es’ disease is not a 
nosologic entity in the sense that it has a consistent background in 
morbid anatomy and a clear etiology, but rather a series of disorders 
arranged in a biologic progression that ha^'e recei\'ed different eponyms 
m the past. Tlie natural history of the disease usually extends over a 
long period. The earliest phase has been called Basedowid, autonomic 
nnhalancc, pre-Basedow, neurocirculatory asthenia,* etc. The middle 


* riiore has been much debate whether neurocirculatory asthenia” is the earlic.’^t 
^tago of Graves’ syndrome. We have records of at least a dozen case.'^ at tiie Mt. Sinai 
Hospital where at first admission the diagnosis of neurocirculatory asthenia was made, 
and at second admission Graves’ syndrome, in both instances on conventionally recog- 
tuzed criteria. Furthermore, on regression of tlic Graves' syndrome, a residuum of signs 
and symptoms often persists that is indistinguishable from neurocirculatorj' asthenia. 
As this exposition proceeds, we shall sec the close relation of both to states of fear, 
"‘hethcr in war or fdvil life. In a subsequent communication this topic will he di.‘jcussed 
fully. 
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stage has been termed ‘‘formes frustes/* while the final stajje is tJiat 
conventionally termed “Graves’ disease” with the characteristic 
quadrad of SATnptoms, 7 . c., tremor, tachycardia, enlarged thyroid 
gland and exophthalmos, plus an elevated basal metabolic rate. ' Be- 
tween the larval and the final florid form, one finds various combina- 
tions of signs and symptoms. For these reasons, the term “Graves’ 
syndrome” is regarded as preferable. The proof of this statement lies 
in the fact that not only are such forward transitions frequently 
observed but, more frequently, regressions to the larval phases under 
the influences of either spontaneous remissions or of treatment. 

I believe it is a fallacy to regard InpertlnToidism, as measured by 
the basal metabolic rate, as synonymous with Graves’ syndrome. 
Graves’ syndrome contains many clinical elements that arc not explain- 
able by the elevated basal metabolism alone. To regard the measure- 
ment of the basal metabolic rate as the sole diagnostic test of Graves’ 
syndrome is arbitrary and not warranted by clinical facts for the fol- 
lowing reasons: (1) Patients with so-called “spent” or “burnt out” 
Graves’ s^mdrome who reveal the typical quadrad of signs may possess 
a basal metabolic rate within the normal range. (2) After a subtotal 
thjToidectomy which usually reduces the basal metabolic rate to nor- 
mal, many of the clinical manifestations may persist for yciirs, even 
though the patient is economically and perhaps socially restored. 
(3) During the larval phases the basal metabolic rate is usually normal; 
but when, under the influence of an emotional strain, the disease 
assumes the florid form with a rise in the basal metabolic rate, arc wc 
justified in saying that a different disease has been born? All we may 
say is that hyperthyroidism has entered the picture, (4) The admin- 
istration of toxic doses of thyroid gland mimics but by no means 
completes the clinical picture of Graves’ syndrome. TJicre is elevation 
of the basal metabolic rate, tremor and tacliycardia and perhaps loss of 
weight but no exophthalmos or swelling of the gland. (5) Cases with 
clinical evidences of Graves’ syndrome associated with myxedema occur 
rarely.^® These mostly represent exhaustion phenomena. Hyperthy- 
roidism as measured by the basal metabolic rate may be regarded as a 
sign, probably the most important of Graves’ syndrome and as a 
measure of the activity of the disease, comparable to fever in infec- 
tions. When the temperature of a patient with typhoid fever returns 
to normal, he has not necessarily lost his disease. 

The common denominator in these various phases is a characteristic 
personality. In no disease that I am aware of is the j)ersonaIity so 
indissolubly bound with the clinical manifestations as in (iraves 
syndrome. 

* If the patient has been well observed before the onset of the diseax* 
or if his personality is reconstrueted afterward, he will be found to 
conform to a vast race that may be described in general as tlic sensitive. 


♦ It U occtiMonaliy an (‘.xc(‘<HlinrIy riiCinilt rrofjfoni fo what i'. >> 

•*nirp” in On\ve< s-xTidromc. In my rxpf‘n*‘ncc. it ctroj,tu>nnI to kvt a 
rcstilutio ad inUffram in this disease. One or a rumd er of thr* oncinai fVindrnd o. 
anti sjTnptom« usxizWy per>i't. 
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emotional tj^pe; furthermore^ this personality persists no matter what 
treatment is instituted, although clinical evidences of the disease ha^^e 
been eliminated. I regard the personality of the patient with Graves’ 
syndrome as so characteristic that, in doubtful cases, the elucidation 
of the personalitj’’ serves as a diagnostic measure. Phlegm and Graves’ 
.syndrome are, in my experience, antagonistic. Occasionally, one 
observes patients who appear to have a phlegmatic temperament but 
when one digs deeper, one finds that it is only a mask. 

There are no anthropologic signs that are characteristic of the dis- 
ease. However, in the constitutional phase these patients present, as 
a rule, a number of ph.ysical signs which represent the larval phases of 
the future characteristic quadrad of signs. Their e.yes stare and are 
bright and they show more of the whites, especially in action or under 
emotional stress. During emotion, also, the pulse rate rises to exces- 
sive heights and there is tremor. In women, the neck tends to be 
fuller than normal and under emotional strain, especially during men- 
struation, when women are usually more touchy, they confess that 
their throats are larger. Their basal metabolic rate wliile within the 
normal range, usually, in my experience, veers to the plus side. Der- 
mographia is nearly always present. These people are exceedingly 
touchy and respond to their environment like an iEolian harp. A look 
or harsh word upsets them easily and often irret^ie^'ably. As a conse- 
quence, they are usuall}'^ intolerant. The.y are shy and introvert and 
live a life of escape. Their personalities have an unusual manic- 
depressiA'^e trend, sometimes even to the edge of a psychosis. They 
are quick in their mo\’^ements and mental process. They are prolific 
day dreamers and idealism plays a large role in their mental life. They 
show a leaning toward the mystic and reveal the artistic temperament, 
so that in this group one frequentl}'" finds poets, writers, painters. 
Charm is a salient characteristic. They are usually bad sleepers. In 
my experience, they respond badlj^ to thyroid preparations as opposed 
to those of phlegmatic temperament. The,y commonly relate that in 
their childhood a nervous disorder followed a slight emotional upset, 
such as a recitation or school examination. They tire easily mentally 
and physically. They are sensualists and live on stimulation, emo- 
tional, physical and even chemical. The.y easil}' become drunkards or 
drug addicts; indeed, suicides are by no means uncommon. These 
patients belong to what Kretschmer calls the “cyclothymic” consti- 
tution. 

In no disease is a study of the immediate family so illuminating. 
Ihe same malady afiiicts two or more members of the familj' more 
than the normal law of a^'^erages allows and, what is particularly sig- 
nificant, few of the siblings are adjusted and phlegmatic. IMost suffer 
from various forms of neuroses, and manic-depressive trends are com- 
nion.® In how far these tendencies are genotypic or phenotj'pic, I am 
not prepared to say but from the study of numerous families, I believe 
that environmental influences, especiallv overprotection, play the dom- 
inant role. 

In the majority of instances, the onset of the fully fledged disease is 
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iislicrcd in by a psychic insult for which the patient was more or less 
unprepared, for instance, a robbery, a fire, the death of a close relative, 
an^ unrequited love affair, a terrible confinement, a frightful sexual 
ejMsode, a sudden economic loss, an unwanted pregnancy, are some of 
the insults that I recall. There was a sudden crop of cases of Graves’ 
syndrome in Vienna after the theatre fire horror in 1884 and in San 
hrancisco after the earthquake. We have been particularly struck in 
the Alt. Sinai Hospital with the frequency of Graves’ syndrome in 
German refugees, so that the term “Hitler Graves’’ has come into 
vogue. The essential ingredient in this insult is fear. Less often, the 
disease arises from slow and reiterated insults and the transition 
between health and disease is indefinable. At times after a sudden 
shock, the malady reaches its fruition even within a few days. 

If the opportunity arises to observe the development of the malady 
in a person wliom the physician has previously known, he will note 
that the disease represents an exaggeration and fixation of previous 
trends. A pulse that was normally fast, especiall}' under an emotional 
stimulus, beats faster. The wide eyes become exophthalmic; a tremor 
which was previously noted only under excitement becomes exag- 
gerated and constant and tlie previous emotionalism and instability of 
temjierament is intensified. Tlie basal metabolic rate is now definitely 
cle\%'ited. 


This sensitive, emotional personality accounts for a number of things 
that liave interested students of the disease: (1) The greater prepon- 
derance of Graves’ syndrome in the female. (2) The rarity of the 
disease in children, in whom the subtler emotive powers are not fully 
developed. (3) The rarity of the disease in primitiAT races or in those 
of crude fiber. As in hypertensive disease, there has been in our 
experience at the Alt. Sinai Hospital, a decided increase of the disease 
in northern negroes since they became sensitized by contact with the 
white race. (4) The rapid increase in Graves’ disease in recent decades 
owing to the increased “strain of li^dng,” the resultant of increased 
protective mechanisms.^^ 

Tlie psychogenic background of GraA^es’ syndrome also explains the 
freedom of the lower animals from this disease because civilization 
has not affected them. Indeed, the complete disease cannot be expen- 
mentally reproduced— only individual signs and symptoms. The 
instances in which it has been reported are of doubtful A^alidit} . 
(iraves’ syndrome is essentially a human disease and especially one ot 


the higher civilizations. 

Some years ago, Lorand and AioschcoAvitz-® published a psycho- 
analytic interpretation of Graves’ syndrome. Tliey tha . 

“already in childhood their adjustment to the members of their fami 
was unsuccessful. On the one side they were too much pampered 
the parents, especially by the mother, and on the other side, too grea 
a demand was put upon them in the course of their ,• 

which they could not adjust themselves as a result of their e< r 
protetive'environment. The vest majority of such pafenls may be 
said to have been sensitized to life. They mere so shielded 
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chiidhood that when they reached adult age they could not face the 
conventional tribulations of every-day life with equanimity. They 
had difficulty in making decisions upon ordinary matters and were 
infantile in their reaction to life. There was a continual escape from 
every-day realities and, in consequence, these people Avould aver that 
their life had been an unusually hard one. The relation in childhood 
to the siblings as illustrated in certain cases is e\’’en carried over to 
adult life; for instance, the older sister replaces the father or mother 
to the other children. In their adult environment they showed the 
same type of emotional reactions to the attachments and frustrations 
as they did in childhood. Sexual difficulties, degrees of maladjust- 
ment, frigidity in women, fear of pregnancy and fear of childbirth 
combined with intense resentment and repressed aggression against 
men were present in all the patients. The unmarried girls showed a 
type which we can describe as psychosexual infantilism. Their child- 
ish attitude about sex matters, their more or less abnormal reactions 
and feelings concerning their menses, their attitude concerning mar- 
riage and sex in general lack all the judgment of the normal adult. 

“Tiieir relation and their reactions to their employers show an exact 
parallelism to their early reactions to their parents. The traces of 
their earlier emotional fixation to the parents were so obvious in their 
adult attitude to society that it could not be overlooked. 

“In the male patients, whether married or unmarried, the same 
situations exist. Degrees of sexual impotentia, or at least difficulties 
in their sexual adjustment, were always present. The masturbation 
of puberty was continued by some of them up to marriage, partially 
on account of fear concerning sexual infection and partially as a result 
(»1 their difficulties in their adjustment to the other sex. Coitus inter- 
ruptus in the married patients was practiced for a long period of time 
to meet the demands of their wives in order to prevent impregnation, 
and at the same time, this sexual dissatisfaction caused resentment 
against tlie sexual partner. It then resulted in a tendency to stay 
away from intercourse or a strong drive toward unfaithfulness, witli 
implications of fear and feelings of guilt.” 

i’he recognition of the individual and his environment is funda- 
mental in the therapy of the disease. The human equation remains 
110 matter what therapy is undertaken, and the impact of the two 
constitute a potential for a recurrence of the disease. It is futile to 
discharge a patient after a subtotal thyroidectomy without taking 
into consideration the ability of the patient to meet the ordinary 
^tre.sses of every-day life and tlie eindronment to which he returns, 
indeed, tlie lesson taught by these recurrences is that the treatment of 
the ])atient begins only when the operation has been finished. Although 
the constitution and the environment appear essential in the mechan- 
ism of production of Graves’ syndrome, there must be another factor 
‘w at least a compensating mechanism, for the reason that sometimes 
mic obscrx cs jiatients in whom despite the pre.sence of both the.se fac- 
tiir.s, a Graves' .syndrome did not dcN’clo}). 

^Mi('n the disease is full blown to the stage of so-called toxic goiter 
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and continues more or Jess fixed, there may be a number of eventual- 
ities. We liave already referred to tJie possibilit}' of a progressive 
lijTiertension and its potentialities. In addition, tlie persistent tachy- 
cardia or the onset of a cardiac arrh;ji;hmia, especially auricular fibril- 
lation, may result in myocardial insufficiency. Finally, of course, the 
disease may lead to death with the sjTnptoms of acute th^Totoxicosis, 
namely, tachycardia, vomiting, diarrhea, progressive elevation of 
bodily temperature, emaciation and acidosis. 

Chart 2. — Clixical Evaluatiox of Gk.\ves* Syxdrojie 

Persistent tachycardia 
Arrhythmia; auricular '^Myocardial 
Constitution — > formes fruste fibrillation insufiicieaq>’ 

Graves’ sjTidrome ) i ' 

( HjT)ertension See Chart 1 

[ Acute thyrotoxicosis 

Sj’nonyms: Based owdd. Autonomic imbalance. Pre-Basedowid. 

3. Normal Gastric Acid and Secretion, The exaggerated phase is 
hypersecretion and hjperchlorhydria. The disease in which hyper- 
chlorhy'dria is most often associated is peptic ulcer. 

The cause or causes of peptic ulcer are obsciu*e, but the view is 
steadily gaining ground that in the background is a constitution that 
represents a combination of phy^sical and psychogenic characters. The 
phy^sical characters ha\"e been described by^ Draper.^^ They^ have the 
"‘lean and hungry^ look” of Cassius, the expression is hard and tense, 
tlie eyes deep and sullen, the lines of the face are sharply^' drawn, the 
mouth is firm, the jaws sharply’’ angled and the masseter muscles are 
prominent. These patients are usually’’ cyanotic and show a tendency’ 
to eryi:hremia. To what extent these phy’'sical characters are pheno- 
typic or genotypic is as y^et impossible to estimate. 

Psychologically^ in my’’ experience, the vast majority’ of ulcer folk 
conform to a certain type of personality^ They’’ are intolerant, ail or 
nothing, self-absorbed and mentally’ inelastic folk with strong aggres- 
sive, masochistic and sadistic tendencies. They’’ harbor strong grudges 
and it takes them long to overcome any’ emotional strain. Even their 
humor is sadistic. They’ have a paranoid trend. They’ are haters and 
fighters. 

As in Graves’ sy’ndrome, one finds with remarkable frequency’ that 
preceding the onset of the clinical symiptoms, the patient passed 
through a period of emotional conflict; the illness or death of a relative, 
economic distress, the development of a powerful hate, etc- ^Vhether 
this actually’’ initiates the ulcer or merely^ activates it, is problematical; 
more likely’, the psy’chologic insult induces activity^ Clinicians have 
long recognized that a restful holidays can induce a remission even 
without the conventional dietary- regimen. It has been my’ experience 
that when a patient is resistant to the Sippy’ treatment, he is often in a 
state of mental uplieaval; when this is corrected, the symptoms 

promptly^ abate. , i 

Indeed, so strong are the interweavmgs between the psy’Che and 
peptic ulcer that a considerable lore has accumulated on the psycno- 
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genic origin of peptic ulcer. I have summarized these views,®’ but the 
conclusions are diverse and conflicting. Experimentally, peptic ulcers 
analogous to those found in the human organism have been produced 
in animals but only by methods that do not obtain in human beings. 
Experimentally, the vast majority of observers have succeeded in 
producing only acute hemorrhagic erosions and because they show no 
tendency to be limited to the “pathway” and invariably heal promptly, 
it is unlikely that they represent the forerunners of the true human 
peptic ulcer. Indeed, the entire issue concerning the pathogenesis of 
peptic ulcer has been clouded by the uncritical acceptance of the 
hemorrhagic gastric erosion as the precursor of peptic ulcer. Hemor- 
rhagic erosions are common phenomena at postmortem and are found 
in association with true peptic ulcer, in sepsis, in peritonitis- following 
abdominal operations^® in localized sclerosis of a gastric vessel, and 
following operations upon the brain,^® but proof as yet is not forth- 
coming that these erosions, any more than the experimental variety, 
pass into the true Cruveilhier peptic ulcer. As Mann and Bollman®® 
state bluntly, “If the mucosal lesion in man which precedes the devel- 
opment of the characteristic peptic ulcer begins as a hemorrhage into 
the mucosa, it appears that many of the results of our investigations 
(a. i.) would have little if any clinical bearing.” Indeed, a consider- 
able part of the experimental research concerning the problem of peptic 
ulcer has concerned itself with attempts to transform this acute hemor- 
rhagic erosion into the chronic type; the results at best are equivocal. 
A few have succeeded but by means that are unphysiologic, for in- 
stance, by repeated Roentgen ray dosages or by injecting chemical 
irritants in the neighborhood of the ulcer. 

The recent clinical and experimental observations of Bernheim and 
Benner^ who showed that hemorrhagic erosions of the gastro-intestinal 
tract are commonly shock phenomena, have helped I believe to clarify 
considerably our knowledge of the causes of hemorrhagic erosion both 
in man and animals. Their observations certainly make one skeptical 
of the much quoted neurogenic theory of the origin of peptic ulcer 
sponsored by Cushing,^® who found that operaiions on the brain were 
occasionally followed by a gastric erosion. Benner and Bernheim call 
attention to the frequency of shock after such operations, and in their 
analysis of postoperative hemorrhagic erosions they also found that 
shock was a common feature. This probably accounts also for some 
of the erosions found in association with peptic ulcer with fatal hemat- 
cmcsis (Moschcowitz, Mage and Kugel®®). The association of true 
peptic ulcer with erosion does not necessarily justify the conclusion 
that the erosion was the precursor of the ulcer. In addition to the 
fact that it may be a shoclc phenomenon from severe hemorrhage, it 
may be the result of the associated mucosal inflammatory changes 
secondary to the peptic ulcer. In brief, no satisfactory evidence has 
been presented which shows that the hemorrhagic erosion is the earliest 
phase of peptic ulcer. Hauser,®^ who had spent a lifetime studying 
the genesis and ])athology of chronic peptic ulcer, doubts this rela- 
tio!iship. 
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i li6 inechsnisni hereby the iiDpact of psychologic influences upon 
A constitutional makeup is transformed into a peptic ulcer has been 
subject to considerable speculation. Part of the difficulty arises from 
the fact that, as opposed to hypertension and Graves^ disease, we are 
not in the position to observe transitions, either clinically or in morbid 
anatomy. Hitherto, the stomach has been clinically an inaccessible 
organ, the only method of visualization being the Roentgen ray. 
Phis method is hardly satisfactory for the purpose of studying natural 
history because it only demonstrates an ulcer after it has matured. 
Serial gastroscop\' offers a reasonable hope that the earliest lesion of 
peptic ulcer and its transition may eventually be demonstrated. 

The only experimentally produced ulcers that correspond closely to 
those of the human were produced by Mann and Bollman,-® These 
ulcers not only occurred exclusi\^ely in the “pathway'' but grossly 
and histologicalK' were identical with the true peptic ulcer. They 
obtained their results in dogs by elimination of the duodenum with the 
jejunum sewed to the pylorus. If the common bile duct and the pan- 
creatic duct remained implanted into the duodenum, they obtained 
20% ulcers; if these ducts were transplanted into the ileum, they 
obtained 50%. If the entire normal mechanism for receiving the 
gastric contents was eliminated by the functional resection of the 
duodenum together with the secretion poured into it by the second 
method, with anastomosis of the proximal end of the jejunum to the 
terminal ileum, they obtained 95% ulcers. The controlling factor is 
the acidity. In other words, these methods prevent the neutralization, 
dilution or buffering of the gastric contents as it passes the stomach. 
By repeatedly giving hydrocliloric acid to normal dogs by continuous 
drip 8 hours each day, they obtained an ulcer in about 4 weeks. Daily 
repetition of excess acidity depresses the neutralizing ability. Such 
ulcers lieal in a few days following discontinuance of the acid. In the 
type of ulcer obtained by elimination of the duodenum and its contents, 
the ulcer appears rapidly, in hours or less than a day. The morbid 
anatomy of the primary lesion as given by Mann and Bollman probably 
represents the prototype of that which, we predict, will e^Tntually be 
found in the human stomach. “ Macroscopically , they appeared as 
saucer-like depressions in the mucosa about 2 cm, distal to the pylorus. 
In their incipience, there is always a ring of mucosa between the ulcer 
and the pylorus. In the earliest stages, there is a small area covered 
with a homogeneous gray membrane. When the membrane is sponged 
off, a slight depression is uncovered where the surface of the mucosa 
had disappeared and which bled profusely. After the mucosa is eroded 
the process may proceed quickly until the wall is perforated^ Micro- 
scopically, the gray membrane is composed of mucosal cell debris. In 
the earliest stages the injury involves only the tips of the tubules. 
Hemorrhage then occurs between the tubules underneath tlie gray 
covering. As more of the mucosa is injured, leukocytic infiltration 
occurs, the ulcer penetrates beneath the muscularis mucosa and the 
ulcer assumes the chronic type.^' Mann and Bollman lia\'e apparent } 
solved the problem of chronicity of peptic ulcer.s, l^ecaiise tlie agene> 
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which prevents their liealing })ersists. These experimental results 
prove, if nothing more, that the acid factor is vital in the production 
of ulcer. This has long been surmised clinically by a number of sig- 
nificant observations: (1) Reports of simultaneous association of 
peptic ulcer and anacidity are so rare that experienced observers like 
Palmer and Heinz^^ are skeptical that this association exists. (2) Re- 
currence of either peptic or jejunal ulcers following gastric resection 
does not result, at least in our experience at the Mt. Sinai Hospital, 
if complete anacidity is obtained. (3) In the rare cases of ulceration 
of Meckel’s diverticulum, aberrant gastric mucosa is nearly always 
present and the ulcer is found in the intestinal and not in the gastric 
portion of the mucosa.-'* (4) Peptic ulcer was not found in association 
with achylia gastrica in over 800 cases of pernicious anemia.-'* 

In how far do these observations apply to the psychogenic origin 
of peptic ulcer? In \-iew of the importance of the acid factor, the 
(lue.stion arises whether the hyperchlorhydria and hypersecretion so 
commonly associated with peptic ulcer, e.specially of the duodenal 
variety, precede or only follow the initiation of the defect. That 
emotion may produce temporary hyperchlorhydria is a well-established 
oh.servation.* There are no data available which indubitably estab- 
lish the pre.sence of hyperchlorhydria in the human previous to the 
development of an ulcer, but in view of Mann and Bollman’s work on 
the acid factor and the fact that psychic influences cause an increase 
in acidity and secretion, the probability is strong that continued or 
reiterated emotional strains do cause a sustained hyperchlorh,\-dria 
and hypersecretion before the initiation of the ulcer. It seems highly 
probable therefore that hyperchlorhydria and/or hypersecretion repre- 
sents one of the intermediary mechanisms between the psyche and the 
nicer. In this connection, the experiments of Stahnke^® and Silver- 
nnui'*'' are convincing. Stahnke showed in dogs that electric stimula- 
tion of the vagus nerve, 40 minutes daily for 2 to 3 months, resulted in 
marked increase in gastric acidity and peptic activity and, in some 
instances, a peptic ulcer followed. Sih-erman found that sham feeding 
through an esophagostomy openiiig in the neck caused a powerful 
stimulation of the peptic glands with large amounts of fluid of a high 
acid and peptic titre, and eventually the occasional appearance of a 
peptic ulcer. 


/■Although the discussion in the two following paragraphs is not 
directly related to the hyperkinetic aspects of peptic ulcer, it is nece.s- 
sary because in many quarters such mechanisms are seriously con- 
sidered and would tend to negate our thesis. 

1 here is a widely prevalent view that part of the mechanism of the 
development of peptic ulcer is vascular by way of the vasomotor nerves 
fansing spasms,-’--'-®'’ or by narrowing (arteriosclerotic ulcer), (’’on- 
siderable argument and experiment has been expended upon this phase 


III a rcecut inihlic-ation. Hoelzol" who inado daily observations upon his gastric acid- 
> over a period of years, found that while he was passing: through a period of fear 
'Mng to the anticipation of being shot, his acidity rose to appreciable heights. ^Micn he 
uoved b'om his city so that the occasion for fear ceased. Ins acidity returned to normal. 
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of the problem, but it cunnot be said that the results leave a sense of 
satisfactiou. A vascular mechanism for the genesis of peptic ulcer 
will be difficult to maintain for the following reasons: (1) It is almost 
impossible to cause an infarct or necrosis in the stomach even by com- 
plete closure of a gastric vessel. This is manifest not only experi- 
mentall}^ but also in human beings when it becomes necessary in the 
course of gastric operations to ligate numerous vessels. (2) There is 
no evidence that the sclerotic vessels so commonly found at the base of 
a peptic ulcer represent primary changes. They are probably second- 
ary inflammatory lesions. Peptic ulcer is surety not a disease of the 
decrescent years when vascular occlusions in other parts of the body 
are common enough. (3) A vascular origin does not explain the 
remarkable predilection of peptic ulcer for the pathway and the upper 
duodenum. (4) If we accept the experimental ulcer of Mann and 
Bollman as the prototj^pe of the human ulcer^ there is nothing in their 
description of the pathogenesis of these ulcers that suggests a primary 
vascular mechanism. Indeed^ as Palmer^ points out, the fact that 
the lesion begins in the mucosa and not in the walls, speaks against a 
vascular mechanism. 

Furthermore, the contention of Konjetsny and his school that a 
chronic gastritis precedes the development of a peptic ulcer must be 
viewed with much skepticism. Available evidence seems to show that 
in most instances the gastritis is secondar3% the result of chronic infec- 
tion from the ulcer. When a ‘"gastritis” is present imassociated with 
ulcer, the histologic criteria, at least as far as I have observed, are 
remarkably indefinite both in regard to its status as a true inflamma- 
tion and to its variations from the normal.* Other considerations 
aside, a primary gastritis does not explain the almost human character 
of peptic ulcer, its limited localization not only to the gastric and upper 
duodenal mucosa but more particularly, to the “pathway,” its great 
preponderance in males and the rarity of the disease in childhood and 
in primitive peoples.-® Even assuming that a gastritis may be the 
background, such an assumption adds nothing to the etiology of pep- 
tic ulcer, because the cause of the gastritis is still dark. The same 
processes of reasoning are applicable in relation to the problem as to 
whether bacteria, especially streptococci, are responsible for the lesion. 
In other words, every attempt to explain peptic ulcer as an infection 
has proven futile. 

The relation of psychosomatic factors to the genesis and recurrence 
of peptic ulcers has significant implications not only on therapy but on 
prophylaxis. Hurst-® has pointed out that peptic ulcer has taken the 
lead as the chief cause of medical disability in British and Canadian 
soldiers; and Crohn^^ believes, in view of Hurst’s report and the rise 
of peptic ulcer in Finland, that we may expect a rise in the incidence of 
peptic ulcer in this country in the near future. It is our distinct 


* It seems a remarkable fact that the normal histologj' of the stomach 
sufficiently studied either in regard to normal deviations, age, the active or resting g . 
character of nourishment, race, etc. 
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conviction that there has been an increase in evidence of peptic ulcer 
in the Mt. Sinai Hospital, especially since the depression of 1929. 

As I pointed out some years ago®^ there is a remarkable parallelism 
between peptic ulcer and Graves’ syndrome. In both there is a rather 
characteristic psychic background, although at times these back- 
grounds seem to overlap. In Graves’ syndrome, the psyche is a highly 
sensitive and emotional one; in peptic ulcer it is rigid, aggressive and 
intolerant. In both, a latent malady is brought to light by emotion, 
either catastrophic or by slow reiterated insults. In both, it is some- 
times exceedingly difficult to know when the disease actually begins, 
but whereas in Graves’ sjmdrome, if one is fortunate, the observer can 
follow the intensification and increasing tempo of the signs and sjonp- 
toms from the larval constitutional stage to the formes fruste and 
finally to the fully blown form, in peptic ulcer, owing to present diag- 
nostic criteria, one can never be sure whether the previously existing 
chronic indigestion represented an actual ulcer or not. Strictly speak- 
ing, therefore, we do not yet know the preceding or intermediate stage 
of peptic ulcer.* 

In both, recurrences are common and frequentlj'- these recurrences 
are preceded by emotional upset. In both, excess of normal function 
dominates the clinical expression of the disease; in both psychic rest 
is an important adjuvant in therapy, and in both, surgical intervention 
has parallel indications and results. In Graves’ syndrome the opera- 
tion aims at removing the hyperthyroid element; in peptic ulcer, the 
elimination of the hyperchlorhydria and the hypersecretion. 

4. Tonus of Cardiac Sphincter. The increased phase of this tonus 
is represented in cardiospasm. That there is a normal cardiac sphincter 
has been demonstrated by Hurst, who has coined the term “achalasia” 
for the persistence of the normal tone of this sphincter which fails to 
open before the normal peristaltic esophageal wave in the act of swal- 
lowing. Cardiospasm may be primary or secondary. Secondary car- 
diospasm follows various lesions, for instance gastric or esophageal 
ulcer, gall bladder disease, gastric and esophageal neoplasms, etc., but 
more often cardiospasm is primary. It is needless to enumerate the 
various causes of primary cardiospasm that have been submitted, 
because they have not been substantiated by adequate evidence. Most 
of the hypotheses implicate overstimulation of the vegetative nervous 
system, either physiologic or as the result of organic changes in the 
plexus of Auerbach embedded in the walls of the esophagus. The 
probability is indeed strong that the cardiospasm is mediated through 
the pathways of the vegetative ner\mus system, but this is a inechan- 
'sm and not a cause. Furthermore, it is very probable that the 
organic degenerative changes witnessed in the Auerbach ple.xus are not 
primary but secondary to the ever-present inflammatory changes 
mvolving the coats of the esophagus in prolonged cardiospasm. In 

* It should be strongly emphasized that clinical peptic ulcer and peptic ulcer of 
|^on)id anatomy arc by no means synonymous. It has been shown time and apain 
peptic ulcer of even considerable dimensions may exist without any clinical evidences 

'Stover, A recurrence of symptoms may not represent the formation of a new ulcer 
the activation of a preexist in p one. 

' Ot. 20G, NO. 5— NOVEMBKH, 1943 22 
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recent years, evidence has accumulated that primary cardiospasm is 
psychogenic in origin. The older textbooks all agree that cardiospasm 
usually occurs in psychoneurotics and that it frequently follows a 
psychologic trauma. Schindler^® in his cases unearthed a history of 
deep anger a day or two before the onset of s;\Tnptoms. Indeed, in 
the earliest phases of the cardiospasm he obtained a cure by psycho- 
therapy or hypnosis. Alkan^ found violent psychic excitement preced- 
ing fhe^ onset of symptoms. i\Iore recently, Winkelstein^^ reported 
8 cases in all of which a psychologic trauma initiated the sy^mptoms of 
cardiospasm.* In 2 of his cases, seen in the early phases, psychother- 
ap,y resulted in a cure. In the later phases when the cardiospasm is 
fixed and anatomic changes have occurred, both Winkelstein and 
Schindler agree that dilatation of the esophagus is essential. 

The natural history^ of cardiospasm is fairly^ tyq)ical. In the early' 
phases, the symptoms come and go with the intervals of well-being 
becoming progressively shorter. Eventually^ the difficulty in swallow- 
ing becomes constant, the dilatation and tortuosity' of the esophagus 
become progressive and finally^ pronounced inflammatory' and ulcera- 
tive lesions ensue W'ith marked hypertrophy' of the muscular coat. 
The intensification of the spasm and the presence of these organic 
changes account for the failure of psy'chotherapy' in the terminal stages 
of cardiospasm. 

Whether there is a constitutional factor or a characteristic psy'cho- 
logic pattern in patients with cardiospasm requires further observation. 

5. Tonicity, Peristakis and Secretion of the Cohn. These tliree nor- 
mal functions are grouped together because, as a rule, the clinical 
experiences consequent upon their hyperfunction are associated. The 
maladies in which these hyperfunctions predominate are mucous 
''colitis” and non-specific ulcerative colitis. 

(a) Mucous " CoIitisP For the following data I am largely’ indebted 
to the excellent comprehensive monograph of A^Tiite, Cobb and Jones.^^ 
The term mucous "colitis” covers not only' those conditions in which 
mucus is constantly^ passed but a number of conditions in which the pas- 
sage of mucus is an occasional syonptom. These have been described 
under the appellations of "irritable colon,” "spastic constipation,^^ 
"nervous diarrhea” and "alternating constipation and diarrhea. 
The malady’’ occurs uncomplicated but is not infrequently’’ associated 
with other psy'chosomatic disorders, such as the irritable heart of 
soldiers (neurocirculatory’ asthenia), asthma, Graves’ symdrome and 
peptic ulcer. There is no crude correlation with any anthropomorphic 
type. The sigmoidoscopic picture, while not specific, reveals spasm, 
dfiatation of the superficial venules, the presence of mucus and a 
somewhat granular appearance of the mucosa. ^ The charactens ic 
radiographic appearance of the colon reveals rapid filling, ^ spasm anc 
irritability^ deep haustrations and the string sign. Little is known ot 
its morbid anatomy' because patients do not die of this disease, n 


♦ In the discussion of Winkelstein’s paper. Verbrj’cke referred to a 
,-as . cardiospasm by dilatation of the esophagus .aA''” 

months but had a prompt recurrence when bandits robbed his bank. 
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one case of Mallory’s, the goblet cells of the mucosa secreted a large 
amount of mucus. The patients often re^’■eal vasomotor symptoms 
mediated through the autonomic nervous system, such as dilation of 
the pupils, ptyalism or aptyalism, sweating, exaggerated pilomotor 
responses, sighing respiration and sphincter response. They report 
that allergy was the cause in onlj' about 4%. In the remainder, 
emotional tension, acute and chronic, was the cause. Psychologically, 
White, Cobb and Jones found that asthenia was common. There was 
high incidence of sexual indifference, two-thirds of the. women Avere 
frigid and men were satisfied with infrequent intercourse. Minor com- 
pulsions existed in a large number— excessive neatness, meticulousness 
and overconscientiousness. True obsessions were not encountered. 
These patients ruminated on their problems. Phobias were common, 
especially of crowds, and they have depressive tendencies. The 
majority ivere dependent persons. The emotions most commonly 
associated were resentment, fear and guilt in that order. They showed 
difficulty in making decisions. White, Cobb and Jones report experi- 
ments in which changes simulating those seen in mucous colitis were 
produced by drugs which mimicked the action of parasympathetic 
sacral outflow and the central theme of their exposition is the thesis 
that "mucous colitis is a physiologic disorder of the colon brought 
about through the action of the sympathetic nervous system,” and that 
the commonest cause of parasympathetic overstimulation in mucous 
colitis is emotional tension. This tension was obviously present in 
92% of the psychogenic cases in their series. The prognosis for cure 
is bad because the major emotional problems are usually insoluble. 
The treatment of such patients consists largely in mental hygiene, 
including insight, assistance in solving conflicts, social adjustments, 
disciplinary management, reassurance and transference, suggestion 
and resolution of the neurosis possibly by a Freudian analj’^sis. In 
addition, symptomatic therapy may be helpful. 

(b) Non-specific Ulcerative Colitis. Testimony is accumulating that 
it is a psychosomatic disease. It is tempting to regard non-specific 
ulcerative colitis as an advanced phase of mucous colitis or spastic 
colon but thus far the testimony of experienced gastro-enterologists®-’--*’ 
does not permit this conclusion. In my comparatively limited experi- 
ence, there is no such intermediate clinical phase; the transition from 
apparent health to the clinical evidence of disease is abrupt. Never- 
theless, in a considerable number of patients one can unearth a history 
that in childhood under the influence of emotional distress, the bowels 
moved at least 2 or 3 times. Sullivan” and Cullinan” noted this 
occurrence in a number of their patients with ulcerative colitis and, 
in others, a history of spastic constipation. Despite the apparent 
species difference, in non-specific ulcerative colitis as in mucous colitis, 
all the normal functions of this gut arc exaggerated, upon which are 
superimposed the exudative manifestations of the inflammatory 
process. 

Murray^^ was the first to emphasize the role of psychogenic factors 
in non-specific ulcerative colitis. He reported 12 cases. After com- 
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menting that a state of emotion is often accompanied by hj’permobilitv, 
spasticity, hypersecretion and vasomotor disturbances," he believes that 
these disturbances can be transmuted into a physical condition, if the 
emotional conflict is deep seated or chronic, if there is a specific organ- 
ism, or if the individual is predisposed by heredity, early training, etc. 
He found beside fearfulness, emotional immaturity in their mental 
make-up. ^ Of 7 men, 6 were tied to their mothers and 1 substituted 
an elder sister for his mother. None were married. Of the 5 women, 
3 were married, 1 to a man of her own age. The most frequent conflict 
arose from the mother attachment and the desire to get married. It is 
not so much the sudden fright but a new situation which keeps the 
patient in a state of constant apprehension. Their characters may be 
described as analerotic with masochism and sadism, 

Sullivan'^® reported the psychiatric data on 15 patients. Many of 
the patients were neat and fussy. Ten patients showed an inability 
to throw off the effects of an emotional episode. Financial worries 
occurred in 8 of the 15 and sexual maladjustment was present in all 
but 2 cases. Five of the males showed abnormal attachments to the 


mother; in the remaining 5 there was an attachment to some close 
relative. There is an amazingly close chronologic association between 
emotional episodes and the onset of the diarrhea. In 11, the bloody 
diarrhea began vdthin 48 hours of the upset. In the other 4, the emo- 
tional state was a prolonged one, but in this group the exacerbation 
of the diarrhea was as closely dependent on the emotional state as in 
the first group. Psychotherapy produced striking results when other 
methods failed. 

Wittkower^^ regards ulcerative colitis as a disease of the mentally ill 
or maladjusted. Almost all of his patients showed character disorders, 
obvious neurosis or psychosis. He divides his patients into 4 groups: 
(1) the obsessional— those characterized b^^ overconscientiousness, 
overscrupulousness, cleanliness and abstinence; (2) the hysterical— 
those characterized by emotional lability, temper, tantrums, childish- 
ness, self-centeredness and suggestibility; (3) a less well-defined group 
containing some schizothjonics and depressives; (4) miscellaneous per- 
sonality tjqjes. In 37 of 40 patients, the colitis or its recurrence ^\as 
antedated" b}’' disturbing events. He also justifies psychotherapy in 
the treatment of the disease. 

Daniels^** studied 25 cases in the Constitution Clinic at the Pr^o>- 


terian Hospital. Of 14 cases that were studied intensively comprising 

2 men and 12 women, S showed a pathologic attachment to a relative, 
in 6, the death of this relative had been of paramount importance. 
Indecision concerning marriage was marked in 2 unmarried members 
of this group and in 2 others engagement and marriage were the^ pre 
cipitating causes. In 2 cases, the onset of sjTnptoms was associa e 
witli childbirth, which also played a prominent role in another. i\lon 
difficulties were significant in 4 cases. He submits a detailed repo 

3 patients. Good results are reported by psychotherapy. i v 

From the psychoanaMic vievq)omt, Ale.xanderi contrasts the c 

type of patient as dependent, anal receptive and oral aggress \ , 
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contrast to the gastric ulcer tj'pe, characterized by “an inner rejection 
of passive receptive and oral aggression tendencies.” Alexander 
stresses the symbolic use of feces as an expression of hostility, and 
sometimes as the equivalent of childbirth, an observation noted by 
Daniels in one of his patients. 

In a study of 100 or more cases of non-specific ulcerative colitis in 
the Mt. Sinai Hospital, I have been strongly impressed by the psycho- 
somatic relationship. As others have noted, there was a close rela- 
tionship between the onset or exacerbation of symptoms and an emo- 
tional upheaval. Indeed, a psychosomatic study is part of the history 
of every case of ulcerative colitis admitted to the Mt. Sinai Hospital. 
Often the onset of symptoms was not occasioned by a catastrophic 
insult but by a prolonged conflict attendant upon a life situation into 
which the patient found himself propelled. The three dominant life 
situations that affected these patients were, in the order of frequency, 
parental fixation, marriage and money, not by any means always 
sharply demarcated but with interrelationships. Sexual maladjust- 
ments were common, as indicated by the frequency in which the onset 
occurred during and immediately after a honeymoon. There were no 
apparent anthropologic constitutions, nor was there any particular 
age incidence, although the majority occurs in the 2d and 3d decades. 
According to the pediatrists children below the age of 10 are rarely 
affected. 

Psychologically, I have found that thej" are usually soft and non- 
aggressive, fussy and overconscientious, sensitiA^e and immature, weak- 
willed, narrow horizoned and, as White, Cobb and Jones found in 
mucous colitis, altogether utterly dependent individuals. Like others, 
I have found that occasionally psychotherapy produces dramatic 
remissions of the disease, more likely in the early than in the chronic 
and advanced cases. 

The mechanism whereby psychogenic influences produce this serious 
disease is entirely speculative. It is permissible to state that hyper- 
kinesis is a predominant part of the mechanism and that it is mediated 
through the pathways of the vegetati\'e ner^•ous system. Experi- 
mentally, lesions simulating non-specific ulcerative colitis have not as 
yet been reproduced. To my view, the most promising lead for the 
interpretation of the mechanism is that of Lium,-'^ who made e.xplants 
of the colon in the abdominal wall. He showed that these e.xplants 
react to various stimuli by a spastic contraction of the musculature 
with discharge of mucus and with hemorrhage and ulceration. These 
stimuli include mechanical stimulation, parasympathomimetic drugs, 
such as acetylcholine and prostigmine and dysentery toxin. It is con- 
ceivable that overstimulation of the vegetative nervous system pro- 
duced by psychologic influences may produce the same effect as para- 
sympathomimetic drugs. In this connection, it is interesting that 
White, Cobb and Jones produced changes in the rectal mucosa stimu- 
lating tliose observed in mucous colitis by the oral administration of 
acetyl-beta-methylcholine. 

Ilyperkinesis is well illustrated in the genesis of the psychoses; but 



594 


MOSCHCOWITZ: THE HYPERKINETIC DISEASES 


these differ from the forementioned hyperkinetic diseases in that, 
although the sequence from the larval to the labile finally into the 
fixed stage can be readily traced, morbid anatomic changes, at least 
thus far, have not been demonstrated. 


6. Manic-deinessive Psychosis. The exaggeration of function that 
this malady represents may be called the normal rh^^thm of life, in 
which the swings between ecstasy and depression are low and to which 
the average person readily adjusts himself. If one has known a patient 
intimately before the onset of a manic-depressive psychosis, one can 
invariably recall that the patient always possessed an abnormal excur- 
sion in his emotional range. Indeed, the constitution of the manic- 
depressive is almost identical with that of Graves' syndrome. The 
emotions pass from ecstasy to depression in rapid sequence; in fact, 
the incidence of manic-depressii^e psychosis in Graves' sjmdrome is by 
no means uncommon.^ The patient is high-strung, deeply emotional, 
narcissistic, violent in his expressions and anxious- He belongs to the 
iype of individual whom I have described as allergic to life.'' This 
type, as I tried to show, is to a large extent the result of environmental 
tnfluences dating from the earliest years of life, in most instances, 
maternal overprotection. But there must be a genetic component as 
well, because all psychiatrists are agreed that manic-depressive psy- 
chosis is commonly he^editar3^^'® As in so many of the hyperkinetic 
diseases, the pronounced attack of manic-depressive psychosis and its 
prolonged fixation dates from a sudden emotional strain or prolonged 
mental conflicts. When the psychosis comes, the individual is not 


different but an exaggeration and fixation of his former self. 

7, Paranoia. Paranoia may be regarded as an exaggeration of the 
normal effective state of the mind. My limited experience with 
patients whom I have known well and who have developed paranoia 
has afforded the conviction that I have been observing nothing more 
than exaggeration and fixation of personality trends. These folk have 
always been suspicious, eccentric and afflicted with profound obsession^ 
This impression is confirmed by the observations of experienced 
psj^chiatrists. Thus quotes Mangan as sajdng, ‘‘The}’ shoA\ 

peculiarities during childhood, manifesting themselves in a certain 
taciturnity, moroseness or disinclination to associate with other chiP 
dren as freely as usual. The child may also have shown a tendenc> 
to make friends with an older person, stay at home and read and sen 
instead of pla}’ and may have a tendenc}- to day dreams and the 
building of air castles." This period may be termed, according to 
the psychiatrists, the hypochondriacal stage; this is followed by the 
stage of persecution and finally by the stage of transformation of the 
personality. Church and Peterson^^ say that paranoia “affects >} 
preference individuals who are even in their childhood, peculiar, 
bid, shy, irritable, mistrustful and misanthropic." “Puberty an^ 
adolescence tends to intensify the morbid peculiarities already 
Braude^ comments that from childhood, the make-up of 
is egocentric, selfish, suspicious, proud and mystic; he "n 

and defiant of conventions. Sadler« says that paranoia develop, m 
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persons who are suspicious, sensitive, jealous, as well as those who suffer 
from an inordinate ambition. Paranoid trends are also more likely to 
develop in shy, dreamy, selfish, prudish and impractical individuals. 
Sadler and Adolph Meyer^^’^® even speak of a paranoid constitution. 
All are agreed that heredity is a strong predisposing factor in paranoia. 
The mechanism Avhereb\' this type personality is transformed into a 
psychosis is not pertinent to our thesis, nor, indeed, is there any 
agreement on the part of psychiatrists. But at all events, in this 
psychosis as in the hyperkinetic diseases that we have discussed the 
transition can be traced from a basic constitution, conditioned by 
heredity, to a labile and finally to an intensification and fixation of 
symptoms. 

I am quite sure that I have not exhausted the list of hyperkinetic 
diseases. For instance, I am confident that the tone of the bronchial 
musculature plays a role in certain forms of asthma of psychogenic 
origin and that persistent bronchial spasm and compensating phe- 
nomena lead to emph^ysema and eventually to hypertension of the 
pulmonary circuit and its cardiac sequelas. Also, I have reason to 
believe that some forms of schizophrenia subscribe to this pattern. 
My purpose rather has been to submit a concept. The major prob- 
lems in the study of the hyperkinetic diseases are two: (1) The 
mechanism whereby the impact of environmental influences upon a 
constitutional background bring about disease. Inasmuch as the 
hyperkinetic diseases are essentially human diseases, experimental 
methods to reproduce them have largely failed because they cannot 
introduce the human equation. (2) The determination of the reason 
wli}’- one function is predominant^" involved. The concept of “organ 
inferiority” is thus far entirely speculative. The answer probably 
lies, as DunbaF® puts it, “ in the various combinations of heredity and 
constitutional factors, specific conflicts in the course of development, 
and the total personality organization, plus adventitious factors.” 
White, Cobb and Jones say, “It is not the objective fact of impact 
which is important but the way in which it is experienced.” We may 
call attention at this point to the fact that there is no specificity be- 
tween psychosomatic factors and the hyperkinetic function, the proof 
lying in the not infrequent association in the same patient of two 
hyperkinetic diseases and indeed of all aspects of psychosomatic medi- 
cine. In the solution of these problems the general practitioner 
possesses a decided advantage over those engaged in exclusive hospital 
practice because the latter see only a small cross-section, usually the 
terminal, of the life cyele of the disease. This limitation applies as 
well to the psychiatrist, although the latter is indispensable in the 
elucidation and interpretation of the background and the mental 
workings of the patient. What is needed is a balanced combination 
of all. It is encouraging that intensive study of the p.sychosomatic 
diseases has already been begun in the Psychosomatic Clinic at the 
Presbyterian Hospital in New York City and the Psychanalytic Insti- 
tute in Chicago. 
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The maladies I have described have certain common denominators: 

A. These diseases have as backgrounds a constitution which is 
usually both genotypic and phenotypic. The direct stimulus is a 
maladjustment either sudden or protracted to the trials and tribula- 
tions of modern civilized existence. These two factors may be com- 
pared as the tinder and the spark, analogous to what occurs in infection. 

B. There is an exaggeration of function. It is well established that 
emotion even in the apparently normal being can cause an elevated 
blood pressure, rise in the basal metabolic rate, an increase in secretion 
and in the acidity of the stomach, an increase in the tonus of the 
cardiac sphincter and an increase in the peristalsis and increased secre- 
tion of the colon, and it is plausible to assume that if these emotional 
reactions continue and are profound enough that they may cause a 
fixation of the hyperkinesis. In all likelihood, this mechanism is 
mediated tlirough the vegetative nervous system. 

Curiously, the only psychosomatic disease I am aware of in which 
normal functions are depressed is that strange malady known as 
anorexia yiervosa. This malady in its severe forms may be regarded 
as the expression of a wish to die or spiritual suicide. Patients hesitate 
to take their lives but reduce every item of living to the lowest possible 
terms. Clinicalb^ though not etiologically and pathologically, it 
resembles Simmonds' disease and is characterized by profound loss in 
weight, a subnormal body temperature, a lowered basal metabolic 
rate, diminished sexual activity, amenorrhea, slow pulse, a lowered 
blood pressure and hypochlorhydria. Indeed, there are so many 
features that resemble hibernation, in which the pituitary gland repre- 
sents part of the mechanism, that one wonders whether the difference 
between Simmonds' disease and anorexia nervosa consists solely in the 
fact that in Simmonds’ disease the primary change in the pituitary 
gland is organic and in anorexia functional. The disease appears to 
be exquisitely ps;s’chogenic in origin, most often the result of excessive 
parental domination. In fact, the disease responds well to psycho- 
therapy. At all events, it is a mystery why in this disease of psycho- 
somatic origin so many of the normal bodily functions should he 
depressed instead of being elevated. 

C. These hyperkinetic diseases are essentially human diseases and 
more particularly of civilization. There is ample testimony that the' 
are rare or uncommon in primitive people and when they do occur in 
such folk, it is only when they are in competition with the white race. 
With the exception of peptic ulcer and then only rarely, these dis^sc^ 
have not been observed spontaneously in the lower animals. Nor, 
indeed, can these methods be satisfactorily reproduced experiraentall' 
except by methods that are unphysiologic in the human race. 

D. These hyperkinetic diseases rarely occur before the age of puber ' 
when the emotive faculties become more subtle and adjustment to li e 
becomes more sensitive and complex. 

E. These h^'perkinetic diseases have an unusual tendency to rcc 
This is not to be wondered at when one considers that the disease is s 
closely allied to the ego, and how difficult it is to eliminate comple c , 
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a normal function of the body. Of all the functions that I have listed 
the only one that can be eliminated is gastric acidity. If an achlor- 
hydria can be produced by subtotal gastrectomy, one can be assured 
that the patient will not have a recurrence of his peptic ulcer. In sub- 
total thyroidectomy for Graves’ syndrome, one only removes part of 
the total metabolism for the thjToid gland is only responsible for 40% 
(Means'’'’). Recurrence after operation for Graves’ disease is always 
possible, first, because the personality remains, and, second, because 
complete adjustment to the old environment has not taken place. 
Essentially, the treatment of the patient really begins when the opera- 
tion has been completed. 

F. Inasmuch as the transition from the normal or static phase to 
the abnormal is subtle and the line of demarcation is indefinite, there 
can be no specific diagnostic tests for these diseases, only an arbitrary 
one. All bodily functions have ranges within the normal, not a precise 
mathematical quantity. The diagnosis of these diseases therefore 
depends upon a perspective of the composite picture, in which a study 
of the personality of the patient and his life history is a vital con- 
sideration. 

As a rule, the hyperkinetic diseases evolve through 5 discernible 
stages: (1) the constitutional; (2) the exaggeration of function; (3) the 
lability of signs and sj^mptoms; (4) the fixation of this exaggerated 
function; (5) somatic changes. In other words, the time factor is 
important in the genesis of these diseases. Relativity has its place in 
medicine as it does in physics. 

Summary. The concept is submitted that certain diseases that may 
be called “hyperkinetic” represent primary exaggerations of normal 
bodily functions with morbid anatomic changes as a sequel, instead of 
the usually accepted reversed order of disease process. Tentatively, the 
following diseases are submitted: (1) Hypertension of the greater 
circulation, which represents an exaggeration of the normal intra- 
arterial pressure and leads to arteriosclerosis and the cardiovascular- 
renal syndrome. (2) Graves’ disease, which represents, in greater part 
at least, an exaggeration of the normal basal metabolic rate. (3) 
Peptic ulcer, in which one of the dominant expressions is tlie exag- 
gerated acidity and secretion of the normal stomach. (4) Cardio- 
spasm, which represents an increase in the normal tone of the cardiac 
sphincter. (5) “Spastic colon,” mucous “colitis” and ulcerative col- 
itis, which represent exaggeration of the normal tonicity, peristalsis 
and secretion of mucus of the colon. (6) i\Ianic-depressi^'e psychosis, 
which represents an exaggeration of a normal rhythm. (7) Paranoia, 
which represents an exaggeration of the affective functions. 

The biology of these diseases is discussed and possible mechanisms 
and new approaches are suggested. These maladies have certain 
common denominators. They possess a constitution that is usually a 
combination of phenotypic and genetic characters. The direct stimuli 
are maladjustments between the psyche and the environment. These 
diseases are essentially limited to the human species and are mostly 
products of civilization. Experimentally, they cannot he reproduced 
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in animals except by methods that are unphysiologic for human beings. 
They rarely occur before the emotive faculties are fully developed. 
They possess a remarkable tendency to recur. Because the transition 
from the normal to the abnormal is gradual, no specific diagnostic test 
is applicable, unless it is an arbitrary one. The diagnosis therefore 
must depend upon a study of the composite picture — tlie organ— 
personalit 3 ^ These diseases, as a rule, evolve through 5 stages; 
(1) constitution; (2) exaggeration of function; (3) a lability of signs 
and symptoms; (4) fixation of this exaggeration of function; (o) 
somatic clianges. 
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Studies of the absorption, excretion, and distribution of sulfapyr- 
azine (2-sulfanilamidopyrazine) in adults have been reported by 
Hamburger, Ruegsegger, Brookens, and Eakin.® Comparison of studies 
on adults and on children receiving other sulfonamide drugs indicates 
that in the two groups the same relationship does not exist between 
the quantities of drug given and the concentrations obtained in the 
body fluids. For this reason, we undertook a study of the absorption 
and distribution of sulfapyrazine* in a group of infants and children 
with various infections, at the same time that we were attempting to 
determine the therapeutic value and the toxic effects of this drug. 

Plan of Study. Oral Administration. Unselected hospitalized pa- 
tients with various tyjies of mild or moderately se\-ere infections were 
given sulfapyrazine orally with as close adherence as possible to the 
following dosage scheme: 0.1 gm. per kilogram body weight was given 
as an initial dose, followed by 0.2 gm. per kilogram per 24 hours in 4 
divided doses. Blood levelsf of the free drug were determined at inter- 
vals during the course of several days of drug administration. 

* AA*o m'O indebted to Mead Johnson & Co., Evansville, Ind., through Dr. AA'arrcn M. 
Cox, Jr., of the Research Laboratory for the generous supply of sulfapynizinc and 
H)ditim sulfapyrazine used in tliis study. 

t The sulfapyrazine determinations wore carried out by the method of Bratton and 
MnrshalF adapted to determination on 0.1 cc. of fluid. Because many of tlio patients 
Were small infants, most of the blood samples were obtained by skin puncture. There- 
fore, in order to have comparable values, the determinations wore made on whole blood 
extx'pt in certain isolated cases, although the level of drug in the jdasma afTordsa better 
nppn^ximation of the level in the intercellular fluid.* 
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Szibcutaneoits Administration of Sodium Sulfapyrazine. Selected 
hospitalized patients lYith more severe infections were given sodium 
suIfapjTazine subcutaneouslj' as a 0.5 or 1.0% solution in Ringer’s or 
lactate-Ringer’s solution. The dosage was I'aned as indicated in the 
charts, and frequent determinations of the levels of free sulfapyrazine 
in the blood and in some cases in the spinal fluid were made. 

Therapeutic and Toxic Effects of Sulfapyrazine Administration. 
Careful observations of the clinical course and toxic effects were made 
on 236 cases with various types of infections treated at St. Louis 
Children’s Hospital and 22 cases with meningococcus meningitis treated 
at the Isolation Hospital of St. Louis. 



Chart 1. — Blood levels of free sulfapyrazine in patients receiving orally an initial dose of 
0.1 gm. per kg. followed by 0.2 gm. per kg. per 24 hours in 4 divided doses. 


Results. Absorption of Sidfapyrazine Following Oral Administration* 
Chart 1 shows the range and average blood levels of sulfapyrazine on 
successive days in a group of patients receiving the drug by niouth as 
indicated. The ai^erages for the entire group and for tliose patients 
over and those under 2 years of age are shown separately. The average 
of all of the determinations for the entire group was 4.3 mg. per 100 cc.; 
for those over 2 years of age 5.3 mg, per 100 cc. ,* and for those under 
2 years of age 3.3 mg. per 100 cc. Lower blood levels in infants on 
proportionate dosages have been noted with the otlier sulfonamiae 
drugs. 

In Chart 2 is shown the change in the free sulfapyrazine blood levels 
between the 4th and 6th hours after the oral administration of the drug 
in patients receiving the drug at 6 hour intervals. Tin's change reprt>- 
sents an average fall of onl\' 11% whicli is similar to that observeu 
with sulfapjTidine and sulfadiazine and much less than that seen 'vitli 
sulfanilamide and sulfathiazole. 
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Blood Leveh Following Subcutaneous Sodium S^dfapyrazine. Chart 3 
shows the blood levels of free sulfapyrazine observed over periods of 
from 5 to 12 hours in 5 patients who had each received a single sub- 
cutaneous injection of 10 cc. of a 1 % solution of sodium sulfapyrazine 
per kilogram bod}^ weight. Comparative!}^ high blood levels were 
reached quite rapidly following the subcutaneous injection. Chart 4 
shows the plasma levels of free sulfapyrazine obtained on one patient 
who received the above dose on several different days. Wide ^'a^iations 
in the rate of urine flow on these different days were accomplished by 
forcing or restricting water bj^ mouth preceding and during the exper- 
iments.* Charts 5 and 6 show the blood levels of free sulfapjwazine 
obtained in different patients receiving repeated doses of sodium 
sulfapjTazine subcutaneously in the amounts indicated. It may be 


FREE 

SULFAPYRAZINE 

CONCENTRATION 


MG. / 100 ct. 
BLOOD 



J I I 

4 5 6 


HOURS FOLLOWING DRUG ADtiINtSTRATlON 


Chaiit 2. — Change in free sulfapyrazine levels between 4th and 6th hour in patients 
receiving drug orally in dosages approximately equivalent to 0.2 gm. per kg. per 24 hours 
at 6 hour intervals. 


seen that after a high initial blood level of the drug has been attained 
by tlje subcutaneous administration of 40 cc. of 0.5% solution of 
sodium sulfapjTazine per kilogram body weight (see below), high con- 
centrations can be maintained by repeated subcutaneous injections of 
20 cc. of 0.5% solution of the drug per kilogram every 8 to 12 hours. In 
some cases, however, there may be mounting drug concentrations in 
the blood, and in others there may be some falling off of the levels when 
the injections arc repeated at these intervals. In severeh' ill patients, 
it is desirable to obtain a high initial level of the drug in the body 
fluids as quickly as possible. Chart 7 shows the rapidity with which 
this can be accomplished when 40 cc. of 0.5% solution of sodium sulfa- 
pyrazine per kilogram body weight is given. Chart S shows the \-ery 

♦ From the plasma clearances determined on this patient,- it appears that the.'^e 
variations in plasma levels of sulfapyrazine following the subnitaneous administration 
of the sodium salt may be more directly related to variations in clearance than to varia- 
tions in urine flow. 
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rapid rise in the blood concentration to levels of 30 to 40 mg. per 
100 cc. within a few hours when 80 cc. of 0.5% solution is given in one 
injection or when 40 cc. is given and repeated after 2 to 5 hours. ^Ye 



Chart 3* — Whole blood levels of free suUapyrazine In different patients following 
single subcutaneous injections of 10 cc. of 1% solution of sodium sulfapymzinc per kg. 



Chart 4. — Plasma levels of free suUapyrazine in a single patient receiving subcutaneously 
10 cc. of a 1% solution of sodium suUapyrazine per kg. on each of several days. 

believe that the subcutaneous administration of the sodium salt of 
sulfapvrazine offers several very definite advantages over the intra- 
venous route of administration, particularly in infants and cliilclren. 
(See Discussion.) 
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Svlfapyrazme in Cerebrospinal Fluid. Table 1 shows the relation- 
ship between plasma and spinal fluid concentrations of sulfapyrazine 
in patients with meningitis who were receiving repeated subcutaneous 
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Chart 6.— Whole blood levels of free sulfapyrazine in 2 patients receiving subcuta- 
neously repeated doses of 20 cc. of 0.5% solution of sodium sulfapyrazine per kg. every 
8 liours after a high initial level had been established. 



Chart 0. — Whole blood levels of free sulfapyrazine in 1 patient receiving subcutane- 
ousb’ repeated doses of 20 cr, of 0.5% solution of sodium sulfapymzine per kg. every 
12 Uoui-s after a high initial level hud been estahb^hed. 


injections of sodium sulfapyrazine as shown in (’harts 5 and 6. Whole 
blood determinations were made at hourly intervals for periods of from 
2 to 6 hours preceding the simultaneous sampling of plasma and spinal 
fluid, and during these periods tlie levels showed a maximum variation 
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of only 13.8 %. We feel that a knowledge of the constancy of the blood 
levels preceding the simultaneous drawing of different body fluids for 
tlie purpose of studying distribution of substances is very important.' 
The per cent of the plasma concentration occurring in the spinal fluid 
varied from 50.8 to 81.8% with an average of 64.4% (76.2% of the 
whole blood level), which is somewhat higher than tliat observed by 
Hamburger and his associates, = who found 50 to 60% of the adiole Wood 
concentration in the spinal fluid 12 hours after the intravenous injection 
of sodium sulfapjTazine. 



Chart 7. — Whole blood levels of free sulfapyrazine in different patients following single 
subcutaneous injections of 40 cc. of 0.5% solution of sodium sulfapjTazine per kg. 


Emlmtion of Therapeutic Effectiveness of Sttlfapyrazine. In a period 
of S months between September 13, 1942 and May 14, 1943, 258 infants 
and children were treated with sulfapyrazine. No selection of cases 
was made, and the types of infections treated represented the wide 
variety commonly seen in a children’s hospital. No single tj’pe of 
infection occurred frequently enough to allow a statistical comparison 
of the effectiveness of sulfapyrazine with that of other sulfonamide 
drugs previously studied.® However, patients with certain specific 
t\-pes of infections have served in the past as a basis for the evaluation 
of the effectiveness of other sulfonamide drugs,® and the results with 
sulfapjTazine in the treatment of these patients are reviewed. 

Lobar Pneumonia. Only 18 cases of lobar pneumonia were treated. 
There were no deaths, and all showed the type of prompt improvement 
that has been observed with the use of sulfapjTidine, sulfathiazole, and 


sulfadiazine. 

Meningococcus Meningitis. Twenty-seven cases of meningococcus 
meningitis were treated. All of the patients recovered. Twent.v-two 
STem ^ere included in a larger Series of Cases of men.ngoCo'Ccu^^ 



USE OF SULFAPYRAZINE IN INFANTS AND CHILDREN 


605 


meningitis, to be reported by one of us (D.G.)> in which approximately 
200 patients in one epidemic were treated with either sulfap}Tidine, 
sulfadiazine, sulfathiazole, sulfamerazine, or suifapjwazine. In this 
series no difference in the therapeutic effectiveness of the various drugs 
could be determined by clinical or laboratory means. 

Erysipelas. Three cases of erysipelas or erysipeloid infection were 
treated with sulfapyrazine with the very prompt response expected 
from the use of other sulfonamide drugs. 



Chart 8. —Whole blood levels of free sulfapyrazine in different subjects following 
single subcutaneous injections of SO ce. of 0.5% solution of sodium sulfapyrazine per kg. 

(“ ) ; and of 40 cc. per kg. repeated 2 hours ( ) and 5 hours ( ) after first 

injection. Arrows indicate time of second injection. 

Sfaphyloeoccus Infections. Eight cases of severe staphylococcus 
infection including 1 case of pneumonia; 5 cases of empyema, 1 with 
septicemia; and 2 cases of osteomyelitis with septicemia were treated 
with sulfapyrazine. The cases with septicemia received penicillin 
therapy also, and it was not possible in these or in the other cases to 
determine how much effect sulfapyrazine may have had on the course 
of the infection. It is thought, however, that there was no greater 
effect with sulfapyrazine than with other sulfonamide drugs. 

Infinenzal Meninyiiis. Five cases of influenzal meningitis were 
treated with sulfapyrazine. High concentrations of the drug in the 
blood and spinal fluid did not appreciably affect the course of the 
disease. All of these patients died. However, none of them was 
treated early in the course of the infection, and 4 of them were under 
1 year of age. The 5th, a 2-year old child, had a chronic form of the 
disease. 

Tuberculous Mcninciiiis. Three cases of tuberculous meningitis were 
treated wtii very large amounts of the drug with no observable effect. 
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Bacillary Dysentery. Four cases of baciJlary dysenter\- Avere treated. 
The response was good in each case. 

Pyelitis. Four cases of pyelitis, in 3 of which the colon bacillus was 
recovered and in 1 of which no organism was found, were treated, and 
the improA-ement was A-ery prompt. 

Miscellaneous Infections. These included a large number of cases of 
non-specific upper and lower respiratorA- infections and several cases in 
AA'hich the drug aa’hs used prophylactically. An eA’aluation of the effec- 
tiveness of the drug in these patients is not possible. 

Clinical To.ricity of Svlfapyrazine. Careful elinical observations and 
laboratory examinations relating to certain of the common toxic effects 
of other sulfonamide drugs AA-ere made on all the patients receiving 
sulfapATazine. 

Nausea and Vomiting. Nausea and vomiting clearly attributable 
only to sulfapyrazine did not occur in any case. This side-effect of the 
sulfonamide drugs occurs less frequently in infants and children than 
in adults, and in the former it is more difficult to determine AA-hetber 
the SA'mptoms are due to the drug or to the infection for which the drug 
is being given. It seems clear, hoAA-eA-er, that sulfapA-razine causes as 
little or possibly less nausea and vomiting than the sulfonamide drugs 
commonly used at present. 

Fever. Presumptive drug fever occurred in 5 cases. This ninnher 
represents an incidence of only 1.9%. 

Basil. No cases of cutaneous reactions due to sulfapyrazine AA'crc 
encountered. We do not feel that the failure to obser\'e cutaneous 
reactions associated AAu'th sulfapATazine administration to this number 
of patients indicates that such reactions Avill not occur. In our c.xperi- 
ence, hoAvever, it AA'ould be unusual Avith the other sulfonamide drugs, 
and particularly with sulfathiazole, for this number of cases to liaA'c 
been treated AA’ithout the occurrence of drug rash. 

Leukopenia. In no case was a leukopenia found AA'hich Avas thought 
to be due to sulfapyrazine. An anal.A'sis of the duration of drug treat- 
ment in all of the patients AA'as not made, but many patients receiA'cd 


the drug over a period of from 10 days to 2 AA-eeks. 

Acute Hemolytic Anemia. No cases of acute hemolytic anemia 
occurred in this series. 

Renal Complications. Because of both their frequency and their 
seriousness, it is our feeling that the renal complications produced in 
the sulfonamide drugs, exclusive of sulfanilamide, constitute the moat 
important of their toxic effects. Although there does not appear to be 
a strict correlation betAveen blood Ica'cIs of the drug or iirinary output 
on the one hand and the occurrence of renal comjffications on the 
other, ‘ the tAA'o factors mentioned do appear to bear some relation to 
the formation of renal calculi.'' The lack of correlation, hoAA'cA'er. na> 
suggested that other and imknoAvn faetons may be involved. I'or the^i 
reasons it is difficult to compare the incidence of renal comjihcapom 
from the.various drugs as reported by different ob.servers. : 

important that the heiglit of the blood leA'e.ls._ particularly, wm.-idc 
in relation to tlie occurrence of renal complications. In additio i. 
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of greatest importance that the term renal complication be defined 
since some authors have limited it to the occurrence of pain over the 
kidneys, gross hematuria, and anuria or definite oliguria.^ 

In an analysis of the maximum blood levels of free sulfapyrazine 
observed, the cases were separated into two groups. The first includes 
218 cases in which the blood levels of the free drug were less than 
15 mg. per 100 cc. The second includes 40 cases in which the blood 
levels ranged from 15.3 to 59.4 mg. per 100 cc. (average 32.9 mg. per 
100 cc.). 

On the basis of clinical and laboratory findings, we have considered 
the cases of renal complications occurring in this series to be of two 
types. The first includes cases with only transUory, microscopic 
hematuria without any associated symptoms. These would have 
undoubtedly been overlooked had not careful, repeated examinations 
of the urine been made. This t^^De occurred in 17 of the 218 cases in 
the first group, representing an incidence of 7.8%. There were 7 such 
cases in the second group of 40 patients, representing an incidence of 
17.5%. In some of these cases it was difficult to be certain that there 
were more red cells in the urine than are commonly seen in the urine of 
severely ill infants and children not receiving a sulfonamide drug. The 
administration of sulfapyrazine was not discontinued because of this 
hematuria, and it subsided within a period of 1 to 3 days. 

The second type of renal complication was that in which gross 
hematuria occurred. There were only 2 cases of this type in the entire 
series, representing an incidence of 0.78%. One of these cases occurred 
in each of the two groups described, representing an incidence of 0.46% 
in the group with lower blood levels and an incidence of 2.5% in the 
group with higher blood levels. In the former case there was no 
nitrogen retention or oliguria and the hematuria subsided in 1 day. In 
the latter case there was nitrogen retention and oliguria, both of which 
together with the hematuria gradually subsided over a period of 6 days 
after the drug was stopped. 

It seems worth emphasizing that only one case of gross hematuria 
occurred in a group of 40 patients whose maximum blood levels of 
sulfapyrazine ranged from 15.3 to 59.4 mg. per 100 cc. (average level 
32.9 mg. per 100 cc.*). 

Other Toxic Effects. None of the other toxic effects which have been 
reported as due to other sulfonamide drugs was encountered in this 
series of cases treated with sulfapyrazine. 

Discussion. Blood levels of free sulfapyrazine during oral adminis- 
tration of the drug in the dosages used are definitely lower than those 
obtained with equivalent dosages of sulfadiazine and possibly some- 
what lower tlian those obtained with sulfathiazole. These lower blood 
levels occur particularly in patients under 2 years of age. They do not 
ap))ear to be due to any greater difficulty in administering the drug 

Wc did not make a special study of tlic ofTect of maintain inj: an alkaline urine on 
the incidence of renal complications. In the majority of tho cases treated with .*-odiuni 
sulfapymzine suhcutaneously a lactate Rinjrer’s solution was used in makinp the O.o^r 
Mention of the drug. 
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by mouth. Low blood levels after oral administration of sulfapvrazine 
were also found by Hamburger et al.^ in adult human subjects and by 
Schmidt and Sesler® hi mice. These lower levels might seem to be a 
disadvantage in the treatment of infections in infants and cliildren by 
tlie oral administration of sulfapjTazine, although Schmidt, Rucgseg- 
ger, Sesler, and Hamburger® have found in mice that the milligram for 
milligram antipneumococcal activity of sulfapvrazine is greater tban 
that of sulfadiazine. Concentrations of free sulfapvrazine in the blood 
change so little from the 4th to 6th hour after the oral administration of 
the drug that quite uniform levels can be maintained by giving the 
drug at 6-hour intervals. Schmidt and Sesler believe that the superi- 
ority of sulfapjTazine over sulfanilamide, sulfapj-ridine, and siilfathi- 
azole in the treatment of beta hemolj'tic streptococcus infections in 
mice is due largelj'^ to the maintenance of effective concentrations in 
the blood during the entire period between administrations. In mice 
they found also that increasing the oral dosage of sulfapjTazine pro- 
duced smaller increases in the concentration in the blood than were 
produced bj' the other sulfonamide drugs. Although we did not invest- 
igate this point specificallj', the low blood levels observed in a few 
patients receiving verj- large dosages of sulfapj-razine bj' mouth sug- 
gest that it is also true for human patients. Schmidt and Sesler attrib- 
ute this finding to the slow absorption of the drug from the gastro- 
intestinal tract. The fact that high blood levels are maintained with 
comparable amounts of the drug given parenterallj' (see below) 
indicates that the low levels after oral administration are not due to 
rapid excretion. 


T.\bi.e 1. — Reiuitio.vship BEnvEEN- Whole Blood. Pl-^sma an'd Spinal Fluid Con- 
CEKTRATION'S OF FrEE SolFAPATJAZIXE IX 3 PaTIEXTS WiTR MeN'IXGITIS 
Treated With Sodium SrLFAPVRAzixE SvscvTASEOvshr 
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When high concentrations of tlie drug in tlie blood arc desired, thej 
:an readily be attained by the parenteral administration of the sodium 
lalt. We'have limited our investigations to the subcutaneous adnnms- 
ration of sodium sulfapjTazine because we feel tliat, at least in iman n 
ind children, its advantages are great enough to warrant 
•eplacing intravenous administration. By giving a O.o /c - 
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the sodium salt subcutaneously, the difficulties of intravenous admin- 
istration in small infants are avoided. Very high blood le\'els can be 
attained within a period of 1 to 3 hours after beginning the administra- 
tion, and at the same time the volume of fluid in which the drug is 
dissolved assures a good fluid intake. If very high levels are to be 
attained by intravenous administration to a patient with severe 
dehydration, lost fluids should first be replaced. With subcutaneous 
injection, however, this replacement of fluid is accomplished as the 
drug is being given, and consequently high blood levels may be at- 
tained just as rapidly. A final advantage of the subcutaneous over the 
intravenous route of administration is that the high blood concentra- 
tions are reached by a rapid rise to that level avoiding the excessive!}' 
high levels which follow immediately after intravenous injections and 
during which the dangers of renal complications may be increased. 

The percent of the plasma concentration of sulfapyrazine occurring 
in the spinal fluid (64%) is similar to that observed with sulfapjTidine 
and sulfadiazine. 

Our data do not allow any statistical comparison between sulfa- 
pyrazine and the other sulfonamide drugs as to effecti^'eness against 
the various infections in infants and children. However, a sufficient 
number of patients were treated and studied to warrant the opinion 
that with the dosages of sulfapjTazine and sodium sulfapyrazine 
employed, the effectiveness equals that of the other sulfonamide drugs. 

It has been our feeling that a sulfonamide drug as effective as the 
ones now commonly used but one which produces fewer renal compli- 
cations would be most desirable. It appears from our series that 
sulfapyrazine produces fewer severe renal complications than the 
sulfonamide drugs now commonly used with the exception of sulfanila- 
mide. This seems particularly to be true in cases in which high blood 
levels of the drugs are maintained o\’^er a period of days. 

Other toxic effects attributable to the sulfonamide drugs occurred 
no more and possibly less frequentl}' in this series of patients treated 
with sulfapyrazine than would have been expected in series similarl}- 
treated with any other of the sulfonamide drugs. 

Summary. From a study of the use of sulfapyrazine and sodium 
sulfapyrazine in the treatment of infections in a group of 2.58 infants 
and children, it was found that: 

1. Comparatively low blood levels of free sulfapyrazine follow tlie 
oral administration of the usual amounts of the drug. 

2. Comparatively uniform blood levels are maintained when the 
drug is given by mouth at 6-hour intervals. 

3. High blood levels of the drug can be rapidly attained and main- 
tained by the subcutaneous administration of sodium sulfapyrazine. 

4. An average of 64.4% of the amount of sulfapyrazine in the plasma 
(76.2% of that in the whole blood) was found in the spinal fluid. 

0. Witli comparable blood levels, the therapeutic effectivene.ss of 
sulfajjyrazinc appears to be equal to that of any of the commonly used 
sulfonamide drugs. 
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6. Sulfap.>'razine appears to cause feR' toxic effects, and the renal 
complications appear to occur less frequently n-ith the use of tliis druir 
than with other sulfonamide drugs except sulfanilamide. 

TTe T^’ish to thank Dr. AJexis F. Hartmann, who siipemscd the care of (he patientj? 
for hjs helpful suggestions throughout this study, 
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University of Minnesota.) 


In the first report of this series,” a iRetJiod was described for study- 
ing the rate and degree of absorption of sulfonamides into the^ intact 
skin of guinea pigs and humans from various ointment bases. hereas 
most workers estimate topical absorption by blood levels, this paper 
described sulfonamide analyses of skin biopsies. The time of applh 
cation of the ointment, and the concentration of sulfanilamide in the 
various ointment bases were \^aried. 

It was concluded that there was no correlation between the degree 
of penetration of sulfanilamide and the type of ointment base, at least 
in regard to whether the base is of the water-in-oil or the oii-in-wuter 
type. Concentration of sulfanilamide has little efiect on tissue levei?^ 
reached, but time of application had some effect. 

In the present report, 3 additional commonly ijscd sulfonainuie^ 
have been studied, with the same objectives, namely to determine tiie 
effect of concentration, time of application, and type of ointment base. 
In addition, a fe^v studies arc included in which, instead of intact skuu 


* Supported bv grants from the General Rc.««earch Fund of the Umvry>jty of 
:ota; and from the Abbott Laboratories. North Chicago. 
lur gratitude for the extensive assistance of our wives, Gertrud and r>oi . 
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absorption by injured skin is described. Moreover, studies were made 
on absorption from wet-packs of sulfonamide solutions, the effects of 
detergents and solubilizers, and finally the relative retention of sulfon- 
amides by the skin after topical application. 

Methods. The methods of applying the sulfonamides to the skin of guinea 
pigs held in confining cages, and the method of analysis of skin biopsies after 
different application times, was described in detail in the first paper of this 
series.” It is necessary only to repeat here that the excess sulfanilamide and 
ointment were washed off the skin with soap and warm water, followed by 
shaving and rinsing with warm water; that the biopsies weighed approxi- 
mately 100 mg.; and that the biopsies were hydrolyzed in hot HCl prior to 
coupling, diazotizing, and determining total sulfonamides in the filtrates by 
a photoelectric method. 

The same 7 different ointment bases that were studied in the first report” 
were used, 2 oil-in-water emulsion type bases (OfW), and 5 water-in-oil (W/0). 
The emulsion types were deteimined microscopically on samples stained with 
Sudan III, and bj'- the conductimetric method.* The compositions were as 
follows: 

Ointment Bases 


Oil-in-ivater % 

1. tSodium lauryl sulfate .... 1 

Stearjd alcohol 11 

Cetyl alcohol 3 

Spermaceti 11 

Glycerin 11 

Water 63 

2. tLiquid petrolatum 41 

Peanut oil 2 

Triethanolamine 1 

Stearic acid 3 

Cetyl alcohol 2 

Water 51 

Water-in-oil % 

1. Petrolatum 60 

Steaiyl alcohol 20 

Water 20 

2. §A base consisting of oleic acid, white 

lietrolatum and oleic acid esters 
and amides of diethanolamine 

3. Petrolatum 50 

Lanolin (anhj'd.) .50 

4. ^A base consisting of alcohols, and 

cholesterol esters in petrolatum 

5. Cod-liver oil . 20 

Lanolin (anhyd.) 20 

Petrolatum 55 

Paraffin 5 


The sulfonamides were incorporated in the.se bases at concentrations of 1, 5, 
10 and 209c, by tile and spatula. 

* Ruse 1 was clas.'iificd by error as OPiV base C in the fir.<t paper.” 
t Modified from PiHsbiir>’ ri nl.'' 
t Modified from HawkitiK-* 

§ llydrosorb (.\bbof(). 

'‘Aquaphor” (Duke). 
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Experimental. 1. Sulfathiazole Ointmcnis. Five and 10% concen- 
trations of sulfathiazole in the 7 bases, and 1, 5, and 10% concentrations 
m Base 2, were compared, with application times of 1 and Z days 
(2 applications daily). The results are summarized in Table 1 , includ- 
ing a few human cases. The data is given as mg. per 100 ce. total 
sulfonamide concentration per 100 gm. wet weight of skin. Each 
figure represents averages of at least triplicate determinations from 
1 piece of skin, that is 3 skin aliquots per biopsy. Each experiment 
was repeated at least 4 times. In many eases more than 3 aliquots 
were taken from each piece of skin. 

Table 1,— Penetration of Sulfathiazole (SAT) Into the Intact Skin of Guinea 
Pigs and Humans From Various Ointments 

1% SAT ointment. 5% SAT ointment. 10% SAT ointment 

Av. mg. SAT per Av. mg. SAT per Av. mg. SAT per 

100 gm. skin, after 100 gm. skin, after 100 gm. skin, after 
Type of Ointment . — — ^ — — - — ^ , 


emulsion 

base 

1 day 

3 days 

1 day 

3 days 

1 day 

3 days 

W/0 

. . 1 



2.8 

3 6 

3 1 

3 8 


2 

5,6 

7.5 

4 G 

6.4 

4 1 

7.9 



5 

7 S 

& 6 

7.S 

5 0 

5 S 


3 



2 5 

3.2 

2 S 

4 2 


4 



4 3 

4.3 

2 7 

4 7 


5 



2 5 

3 2 

2 7 

3 7 

OAV . . 

. . A 



3 0 

3.2 

3 I 

3 3 


B 



4 7 

6 S 

4 0 

5 3 


* Italics are human analyses. 


It is seen that concentration of sulfathiazole has no effect on skin 
absorption, and that the time of application has a slight effect. The 
frequency of application may have an effect, but since 1 to2 applications 
were made daily, this is doubtful. It is also seen that the type of oint- 
ment base used has little or no effect, at least with respect to the type 
of emulsion, whetlier of the oil-in-water, or the water-in-oil. 

2. Sulfadiazine Ointments. Since there was no appreciable concen- 
tration effect, but a slight time effect with sulfanilamide” and siilfa- 
thiazole, it was decided to study the time and concentration effect of 
sulfadiazine at 1 and 10% concentrations only in one base. In this case. 
Base 2 was selected since it has been studied more extensively than 
the other bases, and comparisons could thus be made with tlic other 
sulfonamides. To determine tlie effect of the various bases, 2 % sulfa- 
diazine in the 7 bases was studied, and the biopsy concentrations were 
determined after 3 days application time. Table 2 shows the results. 

Concentration has little effect except at 1 day application time, and 
time had a small but definite effect. Base 2 gave the best penetration, 
but there was no effect of the type of emulsion base, as in the case of 
sulfanilamide and sulfathiazole. 

3, Sodium Sulfacetimidc.f This salt was included m thi.s stwi} 
because of its high solubility and relatively low pH in comparison o 
the sodium salts of sulfathiazole, sulfadiazine, and suIfap'Timnc. 
The solubility of sodium sulfacetimide in water at room temperatun 

t We wish to thank Dr. Edward Henderson of the Medical Reroarch Divr-K'.'- 
Schering Corp., tor this material. 
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is 56,9%, with a pH of 9,5. At a 20% concentration in plasma, the 
pH is 7.68.® The sodium salts of the other sulfonamides, because of 
their high alkalinity, have been avoided in topical application, although 
Fox* claimed that sodium sulfadiazine is tolerated in fairly high con- 
centrations, in contrast to sodium sulfathiazole. 

Table 2. — Penetbation of Sulfadiazine (SAD) Into the Intact Skin of 
Guinea Pigs From Various Ointments 




1% SAD ointment. 

10% SAD ointment. 



Av. mg. SAD per 

Av. mg. SAD per 



100 gm. skin, after 

100 gm. skin, after 

Typeof 

Ointment 

— 

^ 

^ ^ 

emulsion 

base 

1 cia3' 

3 days 

1 daj' 3 days 

tv/o , . . 

. . 1 


3.1 



2 

3,6 

6.3 

5.1 6.6 


3 


2,9 



4 


3.6 



5 


3.9 


0/W . . . 

. . . A 


3.0 



B 


3,6 



In this study, 1, 10 and 20% sodium sulfacetimide in Base 2 were 
compared. The salt was first dissolved in a minimal volume of water 
and the resulting solution was emulsified with the melted base, using 
an egg beater. The effect of the various bases was studied, using only 
a 1% concentration, as in the case of sulfadiazine. 

Table 3 shows the results. 


Table 3. —Penetration of Sodium Sulfacetimide (NaSAC) (‘'Albucid Soluble’*) 
Into the Intact Skin of Guinea Pigs and Humans From 
Various Ointments 


Type of Ointment 
emulsion base 

W/0 1 

2 

3 

4 

5 

0/W A 

B 


1% NaSAC ointment. 
Av. mg. NaSAC per 
100 gm. skin, after 


10% NaSAC ointment. 
Av, mg. NaSAC per 
100 gm. skin, after 


20% NaSAC ointment. 
Av. mg. NaSAC per 
100 gm. skin, after 


1 day 3 days 


5 1^1 S 21 3=±=2 8 


I day 3 days 
3 3 7.3 

5.5=i=l.G 12.4=±=3.G 
55 * 7 

2 2 G.O 

3.0 4 2 

2 0 4.6 


1 day 3 days 

6 0=i=2.2 14 2=i=3 G 
0 9 19 2 


3.5 4.0 

5.2 5 0 


* Italics are human analyses. 


Concentration has some effect, and time had a marked effect. The 
levels reached were higher tlian those with the less soluble sulfonamides 
already described. Base 2 gave a higher absorption than the other 
bases, hut the emulsion type base had no effect, as with the other sul- 
fonamides studied. 

The sodium salts of sulfathiazole, sulfadiazine, and sulfapyridine 
caused sa])onification of some of the bases, and skin maceration, and 
wore not studied. 

4. Sohihiliz rr.v oml Detergents'. It seemed plausible since sulfanila- 
mide, sulfathiazole and sulfadiazine are little soluble in water, that the 
use of bettor solvents such as propylene glycol” and detergents and 
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solubilizcis such as aerosol, to ointment bases, might increase the 
absorption of the sulfonamides. 

Studies M'ere therefore carried out with 1 and 10% sulfatliiazole in 
a base consisting of propylene glycol 10%, aerosol (OT-70) 0.5%, 
Base 2 q.s. 100%. The sulfathiazole was suspended in the warm gly- 
col, aerosol mixture, and then emulsified with the melted base with’n 
beater. Skin concentrations after 1 and 3 days application time were 
almost identical Avith those obtained with the corresponding concen- 
trations of sulfathiazole in Base 2 Avithout the glycol and aerosol. It is 
diflicult to incorporate higher concentrations of propylene glycol into 
ointment bases, as separation occurs, and although this probably could 
or has been done, higher concentrations probably AA'ouId not cause 
higher penetration in intact skin. Injured skin' might be entirely 
different, but AA'e haA-e not studied this problem. Herrmann cl ulf' 
dcA-eloped ncAA* A-ehicles containing aerosol, xylene, antipyrene, and 
propylene glycol, AAdiich may liaA^e definite ad\’antages as bases for 
sulfonamides. These AA’orkers also mention that they haA'e developed 
histochemical methods for investigating sulfonamide penetration into 
skin. Such an approach AA’ould be of great interest if they could reveal 
the patliwa^'s of absorption. 

5. Studies on Injured Skin. The hair on the left side of anesthetized 
guinea pigs aa'hs closely clipped and the skin injured with coarse sand- 
paper, rubbing until bleeding occurred. The uninjured skin on the 
right side of the same animal serA-ed as a control. 

The studies AA-ere carried out Avith 1 and 10% concentrations of sulf- 
anilamide and sodium sulfacetimide in Base 2. Tissue I)iopsies and 
analyses AA^ere made after 2 and 6 hours application time. The oint- 
ment AA'as reapplied seA-eral times during this period. 

In order to compare the penetration from an ointment Avith that 
from Avet packs as tAA'O different methods of topical applications, a few 
data are included to illustrate this, although the present report does 
not purport to examine in detail the absorption from wet packs and 
solid powder. The penetration from Base 2 AA-as compared Avith the 
penetration of 1 % sulfanilamide from a AA’et pack consisting of several 
layers of gauze AA'hich Avas kept saturated Avith a 1 % aqueous solution 
containing 0.1 % aerosol. This detergent AA'as used to cause Avettiug 
at hair bases and of the oily skin. Vniform results Avere not obtaiueAi 
without its use presumably because of lack of uniform AA'ctting WAUsed 
by the presence of the hair AA'hich occluded air bubbles. A similar 
comparison AA'as made betAA'een 10% sodium sulfacetimide in Ba-'^c 
rersus 10% aqueous solution containing 0.1 % aerosol. I'lie results are 

seen in Table 4. . - . . o , 

As e.xpected, removing the barrier of the intact skin mcrca.sj's tne 
absorption of lAoth sulfonamides, and Ica-cIs AA'cre reached Avithm the 
short period of 6 hours AA'hich far exceeded those found after 3 day' 
application time to intact skin. Moreover, concentration of sulfon- 
amide had a marked effect on skin absorption in contra.st to intact skin. 
This indicates that in practical use, concentration Avould be an nnjK. - 
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tant factor where injured areas are treated, but not for relatively 
unbroken, cornified or scarified areas. 


Table 4. —Penetration of Sulfanilamide (SNA) and Sodium Sulfacetimide 
(NaSAC) Into the Intact and Injured Skin of Guinea Pigs From an 
Ointment and From Wet Packs 


1%SNA 

Av* mK. SNA per 
100 gm. skin, after 


10% SNA 
Av. mg. SNA per 
100 gm. skin, after 


Vehicle 


2 hrs. 

0 hrs. 

2 hrs. 

G hrs. 

Ointment j 

' Normal skin 

1.2 

l.G 

1.9 

3.G 

base 2 ] 

' Injured skin 

4.1 

5.2 

10.9 

25.8 

AVater -f 0.1% j 

1 Normal skin 

1.8 

2.S 



aerosol ■ 

Injured skin 

30.4 

28.9 





1% NaSAC 

10% NaSAC 

Ointment ] 

r Normal skin 

1.5 

3.2 

2.0 

4.5 

base 2 i 

Injured skin 

5.2 

7.1 

26.4 

41 0 

Water + 0.1% , 

f Normal skin 



3,2 

7 4 

aerosol 

( Injured skin 



252 0 

288. 0 


mg per 100 cc 



Q sodium sulfacetimide 
HllJl sulfanilamide 

Ful K— Uctcntiou of sulfonamides hy guinea pig skin. One per (’cnt sodium sulfa ret - 
imido (NaSAC) and 1% sulfanilamide (SNA) in ointment base 2 applied for 3 days, 
thou removccL Ordinates show mg. total sulfonamide per 100 gm. skin after 3, 4 and 
5 days from the time of the first applications. 


6. Skin Svlfonamide Reteniion. One per cent sodium sulfacetimide 
and sulfanilamide in Base 2 were aj)plied twice daily for 3 days, after 
which time the skin was washed as previously described. Biopsies were 
performed after o, 4 and .5 days from the time of the fir.st ajjplication, 
in order to determine the degree of skin retention of sulfonamide after 
the external re.servoir was removed. The re.sults are seen in Figure 1 . 
Kaeh histogram represents the average of 3 animals per experiment and 
15 tissue determinations per point. 

It is seen that the skin concentrations drop to therapeutically 
nogligihle levels after the 5th day, in both cases, even though the 
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original sodium sulfaeetimide level was higher than the sulfanilamide 
level. iSo studies of this nature were deemed necessary in injured 
skin,_ as retention would be very small. Hawking^ has made such 
studies, using different methods. Goodwin and Findlay’ ha\-e also 
studied absorption of locally applied sulfonamides by e.\'perimcnta! 
wounds. 


Discussion. Several workers have investigated the diffusion of 
various sulfonamide mixtures out of certain bases, such as emulsions, 
resins, jellies, pastes, creams and the like, into agar and into flowing 
water (Waud and Ramsay,'’ Fuller ef al.,- Strakosch and Olson” and 
others). The results of these studies are more applicable to the diffu- 
sion of sulfonamides into open wounds than into intact skin, as has 
been borne out by the work of Fuller ct al.,- who has studied the absorj)- 
tion and retention of sulfonamides in experimental wounds. But such 
studies are not as applicable to a study of penetration into normal 
intact skin, and probably so even in injured skin, since the skin harrier 
cannot be regarded as a sample aqueous or lipid phase. 

For this reason we belie\'ed that the only logical approach to the 
problem of skin penetration by sulfonamides was by direct in rirn 
experiments, analyzing skin biopsies for total sulfonamide. 

]Mam' workers ha\'e used either water-in-oil or oil-in-water emuksioii 
bases for incorporation of certain sulfonamides to be used in skin con- 
ditions, usually recommending on theoretical grounds only, oil-in- 
water bases. The present studies show no effect of the type of base, 
under the e.xperimental conditions described. The increased interc.st 
in the topical application of the sulfonamides, especially in ointment 
form, is manifested in the numerous preparations which have been 
advocated. Since \'arious workers have recommended not only differ- 
ent sulfonamides in different bases, but also various concentrations of 
drugs to be incorporated, the resulting confusion has been great. 1 be 
literature on sulfonamide ointments is too extensi\'c to be reviewed at 
this time, although reference may be made to Sj)ink's new editioii on 
sulfonamides,'® in which topical and dermatologic uses of sulfonamides 
are discussed, and in Kalz and Prinz’ paper’ in which the literature ^ 


reviewed. 

The lack of effect of concentration of sulfanilamide,” and of .sulfa- 
diazine and sulfathiazole on penetration into intact skin .siigge.sts that 
an unnecessarr- expense may have been associated witb^ the use of 
higher concentrations in cases in which the .skin barrier is relatnelv 


intact. . . 

The lack of effect of the type of emulsion base suggests, m conlirina- 
tion of some of I’uller’s ct al. results,® that caution be exerted in extern - 
ing theoretical deductions or in vitro data, to in vivo conditions. 

Sodium sulfaeetimide gave the best penetration into intact s un, 
suggesting further consideration of thi.s sulfonamide, "'hwh i-s v'/ ' .' 
used in England, under the trade name of “ AUnicid .soluble (.bcliering . 
even at concentrations of o% topically applied to the eye. j 

The fact that removal of the epithelial barner by injury in r . 
the effect of sulfonamide concentration on ab.sorptmn fiy tfie sK'in. 
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gests that higher concentrations be used in cases in which skin lesions 
have more extensively removed the skin barrier. Hawking® and Fuller 
ct al? have recommended the use of microcrystalline sulfathiazole or 
sulfadiazine in cases in which a more protracted absorption is desired 
and where wet packs are not called for, and the use of water-in-oil 
bases for ointment application where more protracted absorption is 
desired. 

Summary. 1 . In vivo experiments on guinea pigs and humans have 
been performed, to determine the penetration of sulfonamides from 
various vehicles, into the skin. Skin biopsies were analyzed for total 
sulfonamide concentration after varying times of applications. 

2. Sulfanilamide, “ sulfathiazole and sulfadiazine, in a comparable 
base at comparable concentrations and times of application, gave 
comparable tissue levels, demonstrating no difference in penetration 
into, intact skin. Sodium sulfacetimide (“Albucid soluble”), on the 
other hand, gave greater penetration after a 3 day application time, 
than the sulfonamide bases tested. 

3. Increasing the concentration of sulfonamide in comparable oint- 
ment bases did not increase the absorption by the intact skin of sulf- 
anilamide,®^ sulfathiazole and sulfadiazine. Even sodium sulfaceti- 
mide showed only a slight effect of concentration. 

4. Increasing the time of application increased the skin absorption 
of sulfonamide in all cases, especially of sodium sulfacetimide. 

5. Of 7 ointment bases examined, 2 oil-in-water and 5 water-in-oil 
emulsions, the type of emulsion had no effect on the absorption of 
sulfonamide by the skin, including the sodium sulfacetimide. One 
water-in-oil emulsion. Base 2, was superior to the others tested. 

6. An ointment containing a solubilizer and a wetting agent in 
greater amounts than in the other bases studied, did not give better 
absorption of sulfathiazole by the skin than the other ba'ses. 

7. Injured skin absorbs much’ greater amounts of sulfonamides from 
ointments than intact skin. Sodium sulfacetimide is especially pen- 
trating into injured skin. 

8. Injured skin absorbs sulfonamides from wet packs to a much 
greater extent than from ointments. 

9. Some experiments on the retention of sulfonamides by the skin 
after termination of application, are reported. Negligible levels are 
encountered after 5 da,\’s. 
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GASTROPHOTOGRAPHY IN NATURAL COLORS IN CONJUNCTION 
WITH GASTROSCOPY* 


By Henry A. Rafsky, M.D., F.A.C.P. 

XEAV YORK, X. Y. 


(From The Lenox Hill and Beth Israel Hospital) 

SoAiE gastrophotographic studies in natural colors, M'hich were made 
in conjunction with gastroscopy, have been published in a preliminary 
report.” This investigation has been continued further in a series of 
patients who presented diagnostic and therapeutic problems. 

Clinical Study. Altogetlier 41 patients were studied: 27 males and 
14 females. Their ages ranged from 21 to 77 years. The gastroscopic 
findings in these patients were as follows: a gastric ulcer in 0 patients; 
carcinoma of the stomach in 14; hypertrophic gastritis in S; chronic- 
gastritis, in which the superficial type predominated, in 4; deposits of 
barium sulfate particles adherent to the mucous membrane of the 
stomach in I patient (E. S. whose case report will be dcscriiicd); nc^ 
gastric lesions in 5 patients. The latter were studied Ijecause 2 of 
the patients had Roentgen ray evidence of duodenal ulcer with i)ylorie 
obstruction; another patient, C. W., who had a gastro-enterostomy per- 
formed 25 years ago, was admitted for a gastric lieniorrliage; 1 patient, 
W. H., had a questionable Roentgen ray diagnosis of a gastric ulc-er; 
the 5th patient, R., had Roentgen ray evidence of a prepyloric- 
ulcer (this case report will also be described). 

Method of Procedure. The method of procedure was as follows: After the 
patient had been gastroscoped Avith the IVolfT Schindler flexible gastroscoj)e, 
the gastric area which was tlie site of interest was noted. The distance froin 
the incisor teeth to the depth to wliich the gastroscopc had been introaucoO 
Avas outlined on the flexible tube to wliich the Gastro-Photor camera 
attached. The latter was then inserted to this depth. The photoKr.n|Hi^, 
which were taken on Kodachromc film, were developed ai\(l enlarged- t le 
endoscopic and photographic studies, in natural colors, were conqRirrd iw i 
the operative findings as well as the subsequent clinical course. 


Of the 41 patients who were observed, the gastrophotographic’ kiddie 
in 26 (63.4%) corresponded to the endoscopic findings.^ Ihc ga'^tro- 
photographic studies revealed the following: a gastric ulcer m 
patients; carcinoma of the stomach in 8; liypcrtropluc gastritis m u. 
chronic gastritis, in which the superficial type* predominated, m 
barium sulfate particles adherent to the mucous membra ne o 
stomach in 1; no gastric lesion seen in 5 patients. In lo 
the cases the gastrojdiotographs did not record the eialosr-cqm- fim i k- 
Four of these patients were sufTormg from a gastric iilcrr; h frou 


♦ Pre5cntct]at the Soicntinc Exhibit Ameri^n McHliral A^oriMioM 
Gasirocntcroh^v and Proctolo5:>', Atlantic City. .June. 101.. 
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RAFSKV: GASTIIOPIIOTOORAPIIY WITH GASTROSCOPY GIO 

cinoraa of the stomach; 3 from hypertrophic gastritis, and 2 from 
chronic gastritis in which the superficial type predominated. 

As was illustrated in the preliminary report,- the normal mucous 
membrane and malignant lesions of the stomach were definitely out- 
lined. They were also clearlj^ seen in the gastrophotographs in this 
study. Six of the 8 patients with carcinoma of the stomach came to 
operation. In 4 of these the lesion in the resected part of the stomach 
had the same color and appearance which were observed in the endoscopic 
examination and in the gastrophotographs. In 2 of the patients who 
were operated upon, the lesion appeared to be grayish white in the 
resected specimen, while in the gastroscopic and gastrophotographic 
studies, the carcinoma seemed to be definitely' greenish in color. This 
difference in color can be explained on the basis that there was a regurgi- 
tation of bile during the endoscopic and photographic examinations. 
In one case the gastroscopy revealed that the carcinoma was arising 
from one point and that the rest of the mucous membrane was intact. 
This was corroborated by the gastrophotographs, and was further 
verified at operation. Atrophy of the mucous membrane which was 
seen in cases of malignanc.y could be readily identified in the gastro- 
photographs. In one case the latter showed nodules of a carcinoma- 
tous lesion in a part of the stomach which was not seen endoscopically. 

In the preliminary report- it was stated that benign ulcers of the 
stomach did not photograph very well. This difficulty has been 
materially overcome as can be seen in Figures 1 and 2, This was a 
gastrophotograph of K. W., a 39 year old white woman who had a 
prepyloric ulcer on the lesser cur^’ature. The patient was treated by 
means of duodenal alimentation. Three weeks later the patient was 
again gastroscoped, and at this time the ulcer had healed to such an 
extent that it was hardly visible. There was not enough of it present 
to be photographed. 

During this study, areas were observed presenting the cobblestone 
appearance or raised beading of the rugal folds which have been de- 
scribed as typical for hypertrophic gastritis. These fields were clearly 
seen in the gastrophotographs just as they were observed gastro- 
scopically. Areas of hypertrophic gastritis were seen in eases with 
and without peptic ulcer. In one case the camera caught the edge of 
the prepyloric ulcer, with the hypertrophic gastritis contiguous to it 
and enlarged folds in the rest of the stomach with a normal mucosal 
pattern. 

In one of the photographs, the edge of a bleeding ulcer of the stomach 
was seen. In addition, raised enlarged folds could be clearly outlined. 
Hiese rugal folds did not present the appearance of an atrophic or a 
hypertrophic gastritis. ^Yhile the folds appeared raised, the mucous 
membrane was dull and swollen, giving a widespread appearance to it. 
Dastroscopically the impression was that of hyperplasia and not 
atrophy or hy-iiertrophy, and hence tliese areas were termed “hyjicr- 
piastic gastritis.’’ hlaher and her co-workers^ regarded the presence 
of iiyperplasia (increase in the number of glands and in the size of the 
gland cells) as essential in the microscopic diagnosis of hypertrophic 
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gastritis. The endoscopic ^•ieAv of tlie lij-perplastic areas wliich I 
observed did not correspond, macroscopically, to that described as 
hj'pertrophic gastritis, and as outlined before,^ it may be inisleaclin? 
to designate them as such. TJiese liyperplastic areas ]ia\’e been sci‘ri 
pstroscopically in benign and malignant lesions of the stomacli and 
in 2 cases of ileitis. In the latter there was definite endoscopic evidence 
of improvement in the stomach when the inflammatory process in the 
small intestines subsided. Gastroscopically it is not always possible 
to differentiate between the h^i^erplastic areas and possible malignant 
affections of the stomach. 

The combined gastroscopic and gastrophotographic examinations 
were very helpful in the differential diagnosis between benign and 
malignant lesions of the stomach. In the photograph the sharp line 
of demarcation of the benign lesion was clearly outlined as can l)e 
seen in Figures 1 and 2. The base of the ulcer appeared as a dark 
blank space. The contiguous areas around it did not have tlie atropine 
appearance to the mucous membrane which was seen in carcinoma. 
In the latter there was no sharp line of demarcation and tlic base of 
the lesion was irregular in appearance and presented the various 
colors seen gastroscopically. Furthermore, these lesions as a rule gave 
the impression that they started “nowhere and ended nowliere.'’ 

In this study gastrophotograp}}\' ser\^ed anotlier purpose, namely, 
as a check on the clinical appraisal of gastroscopy botli from the 
standpoint of the procedure and the gastroscopist. TJie latter may see 
a certain area and interpret his impression accordingly. If the opera- 
tive findings do not tally with the endoscopic interpretation, the ques- 
tion arises as to whether the gastroscopist saw the involved area. 
When, however, a photographic record is made of the gastroscopic 
findings then there can be no doubt as to whether the involved area 
was seen. The following case will illustrate tliis i)oint: 


Case Study, ]M. R., 64 3 "ears old, stated that for 10 jTars she Imd bad 
periodic attacks of upper right quadrant pain which was diagnose<l as hilian* 
colic. Gall stones were demonstrated by cholecystography. ^ She said that 
for the past 6 months she had felt pain in the epigastrium, which would conic 
on about 1 to 2 hours after meals, was located across the .stomach, did not 
radiate and was relieved by food. Nausea occurred frequently. Tlie patient 
had lost 10 pounds about 6 months ago, but she Imd regained 4 imiinds the 
past month. After Roentgen radiation at another institution she was lo.a 
she had a gastric ulcer. This was corroborated by another rocntgcnolozi- 
who renewed the films. Gastric anabasis revealed IICl /iO, acidity 60, hh^ 
negative. The stools were negative for blood. TIic gastroscopic examination 
revealed what appeared to be a normal pyloric outlet. Gastropliotografi i;* 
corroborated these findings (Fig. 3). The patient was operated uiK>n. ^ 
lithiasis was found. The surgeon also felt what he tliought was an nicer era e. 
at the pvlonis. A resection of the pyloric end of tlic stomach wa< 
which was reported by the pathologist as carcinoma of the 
plastica). What was seen gastroscopically proved to bejmc end of ^ 
canal in which there was a small carcinoma, starting O.o mm. vj ‘ r 

Tnd which was 2.5 mm. wide. The pyloric outlet was 
visualization, althou-h as st.ated before, cndo-copically ami plioto^r.ip.ii . . , 
it appeared that the pyloric outlet w.as Msmilizcd. 
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Comment. The criticisms leveled against previous attempts to 
photograph the gastric wall included blind photography, questionable 
interpretation of the films, and, where the rigid gastroscope was used, 
the risk involved. Therefore, the combined examinations, using the 
fiexible gastroscope in conjunction with the Gastro-Photor camera and 
taking the films in natural colors represents an advance in this field. 

Of the 41 cases observed in this study, the gastrophotographs cor- 
responded to the endoscopic findings in 26 (63.4%) of the cases. In 
15 (36.6%) of the cases the lesion, which was seen gastroscopically, 
was not recorded in the photographs. In 11 of the 15 patients, the 
gastrophotographs were more or less blurred or they showed whitish 
circular areas, characteristic of deposits of mucus. In some of these 
photographs, parts of the gastric wall were indistinctly visualized. 
The.se photographic results can be explained on the following basis: 
At times during the gastroscopy, especially in the ner\mus individuals 
or when tlie endoscopic examination was prolonged, an excessive 
amount of secretion accumulated. The hypersecretion, while it did 
not interfere with a satisfactory gastroscopic view of the lesion, was 
sufficient to prevent a photographic record of it. If the camera dipped 
into a mucous lake, the gastrophotographs were partially or com- 
pletely blurred. Even if the camera did not strike one of these areas, 
but if the lesion was sufficiently covered with mucus, the whitish 
circular areas, mentioned above, were recorded but the lesion was not 
seen. In 4 of the 15 patients, the gastric wall was clearly outlined but 
the lesion was not visualized. In 2 of these patients, the subjects 
clianged their position just as the photographs were being taken, 
thereby probably shifting the camera to another field and, in 2 of the 
patients there probably was some error in calculating the depth of 
the distance to which the camera was inserted. 

In this study, the combined gastroscopic and gastrophotographic 
examinations proved to be of diagnostic aid. In doubtful cases in 
which a definite clinical or Roentgen ray diagnosis could not be made, 
the additional diagnostic data were very valuable. Gastrophotog- 
raphy also served as a check on gastroscopy and the gastroscopist. 
The actual part seen was recorded and tlierefore any discrepancy in 
tlie preoperative and postoperative findings could not be ascribed 
solely, to the gastroscopist’s interpretation, but also to tlie limitation 
of the procedure, as was illustrated in the above case report and 
Figure .1 

At the present time the subject of chronic gastritis is a controversial 
issue. Schindler has repeatedly emphasized its clinical importance 
and recently has published his histopathologic study on this subject.® 
Ruffin,’’ again, stated that chronic gastritis is an uncommon affection 
which does not give rise to a recognizable clinical picture. Therefore, 
if we can obtain gastrophotographs in conjunction with the gastroscopy, 
then it may be possible to obtain more unanimity as to what is the 
endoscopic picture of gastritis. A photographic record of the gastro- 
.scopic findings will be much more convincing than the interpretation 
of different gastroscopists looking at similar fields. 

vou 200, xo. 5 -~novi:mi3I:r, 1943 23 
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been certified by the U. S. Bureau of Standards, the blood having been diluted 
in a certified pipette. As the diluting fluid, a 2% solution of acetic acid 
colored slightly with methyl violet was used. Counts were made in duplicate 
from each of the two certified pipettes and averaged. 

The differential counts were done on blood smears which had been made on 
glass slides that were kept in chromic acid mixture, washed in distilled water, 
rinsed in alcohol, and dried over a hot plate. The smears were air-dried, and 
stained with Wright’s stain for 1 to 2 minutes after which a buffer solution 
of phosphates at pH 6.7 was added until a metallic scum fonned upon the 
surface of the stain. This was pennitted to stand for 5 or 6 minutes and 
then poured off. The slides were then washed vdth water and air-dried. 
A total of 500 leukocjdes were observed in different sections of the smear and 
the per cent of each type calculated. 

The results of both the total leukocyte counts and the differential count.s 
are to be seen in Table 1. 

Tabi.e 1. — Avehage Determinations of Totai. Leukocyte and Differentia i. 

Blood Groups by' Age Groups 


! ' < Neutrophils 

I ! WBC ' ! 

Age j No. in ! range Av, ' Av. Aw Aw Av. 


group 

group 1 

in thous. 

i 

1 

i 

t 

WBC 

i 

) 

Av. 

racta- , 
myelo- 
cytes 

.\v. 

1 stab 1 
forms 

! 

Av, 

1 2-lobed 
forms ; 

1 . _ 

Av. seg- 
1 mented 

1 forms 

lymphos. 

inoHos. 

POS. 



I 


1 


! 






05-69 

4 1 

5.4-10.2 

7.92 , 

, 0.2 1 

1 3.5 

10.3 

49,0 

1 35.2 

0 7 

0.0 

0 5 

70-74 

0 : 

7.6-11.8 

9.16 

1 0.2 i 

1 6.2 

7.5 , 

48.5 

34,4 

I 1.6 

, t 1 ■ 

0.5 

75-70 

20 1 

5.0-10.7 

7.34 

1 0.3 j 

4.1 

6.5 1 

1 54.0 

: 31,5 

1.7 

1.4 ' 

0,5 

80-84 

13 

7.2-10.2 

8.57 

0.0 ! 

5.3 

5.5 

50.4 

^ 35.2 

j 2.0 

1.3 , 

0 3 

85-89 

5 

5.1-10.3 1 

8.30 

i 0.0 1 

2.8 

9.6 : 

55,4 

' 28.8 

: 2.0 

1.0 ! 

0 4 

00-9 t i 

0 ! 

8.7-12.0 

10.40 1 

0.0 ! 

7.5 1 

7,5 1 

53,5 

25.5 

1 ^ S 

3,5 

1 0 






Femadhs 


t 

1 


! 


65-69 i 

4 

5.9- 9.0 i 

7.60 1 

0.0 ^ 

4.8 i 

4.6 

51.7 

36.0 1 

1.2 

i 1 

0 5 

70-74 

7 

6.6- 9.1 1 

7.74 ; 

0.1 

2.4 

4.0 

57.6 

1 33.3 ; 

1.1 

! 10 

0.5 

75-79 

28 

6.2-11.1 

8.41 

0.1 

4,0 

8.5 

49.6 

; 33.8 1 

2.0 

' 1.6 1 

0.4 

W-84 

3 

5.0-10.2 1 

7.23 i 

0.3 : 

3.0 

5.3 

56.2 

1 32.3 i 

1.6 

1 1.0 1 

0.3 

K5-89 

4 

7.9-11.0 ^ 

9.12 

0.0 

4.7 

j 4.5 I 

51.0 

j 37.0 ' 

1.2 

! 1.4 : 

(» 2 

90-95 

3 

6.0- 8.4 

7.43 

0,0 

2.6 

8.6 

51.5 

! 33.8 

i 2.1 

; 1 t 

0 3 

HM 

. 1 


6.85 

1 0 

1 0.0 

13.0 

52.0 

31.0 

1.0 

2 0 

0 (1 


Discussion. Total white blood counts and dift’erential leukocyte 
counts were performed on a group of 100 normal aged men and women. 
Values for the total leukocyte counts for the males ranged from .5000 
to 12,050 per c.mm. (mean value, 8330 cells per c.mm.), while for the 
teuiales the maximum and minimum values for the total leukocyte 
counts were 11,100 and 5050 respectively (average 8170 cells per 
e.inm.). 

IMiller,^ in 19,39, studying 160 men past the age of 60 years am! 
assumed to he normal, found the total white blood cell count to have 
varied from 4000 to 13,000 cells per c.mm. (average, 7700). (Unfortu- 
»«atcly the same type of study was not done by this author for females.) 

^ allies for the total leukocnde counts in normal young adults may 
be considered to lie between 5000 and 10,000 cells per c.mm.* .Since 
<>f our total counts as well as the majority of those of Miller fall 
within the.se limits, we may assume that the total number of leukocytes 
111 the eireiilating blood <loes not vary beyond physiologic diurnal 
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variation at the individual ages. It may be seen from Table 2 that 
the average values for the differential counts likewise seem to fall 
within the commonly accepted physiologic normal values. 

For young adults, however, Osgood® reported that lymphocytes 
average 37.8%. DobrovicP reported 20% Ijinphocytes and 5.4% 
monocj^es in studying the blood of 11 persons from G7 to SI years of 
age, while Etienne and Perrin- found the lymplioc;\"te and monocyte 
percentages to have been 24.8 and 5.7 respectively in 27 persons past 
80 years of age. Our lymphocjle counts average somewhat higlior 
than these values, namely 33.6%. The percentage of monocytes 
(2.2%) in our subjects was found to be lower tlian the values reported 
by the aforementioned 2 witers. 

Referring to Table 2, it may be seen that although there is a differ- 
ence in the mean values for the various findings between the males 
and the females, it is only in the case of the total white count.s tliat 
this difference becomes statistically reliable. The difference lictween 
the means divided by the square root of the sum of the squares of 
probable errors is greater than 6 only in this case. (The value “fV’ 
represents the minimum value for truly significant differences.^) 


Table 2. — Average Values and Computation or Statistical Dirrmrso:* 


Between 

Males and 

Females 



Mean 

Mean 





M« ~ Mr 

\*aluc, 

^’aIue, 

O’, 

cr. 

P.C., 

P.E.. 


male 

female 

male 

female 

male 

fem-aV 

Total leukocytes per 8330 

8170 

1000 

13,^5 

1078 

911 

i3.r;> 

Stab forms 5.1 

4.2 

2 8 

2.4 

i.no 

1.0 

0 30 

Two'Iobed forms 7.5 

7 7 

3.0 

3 8 

2 01 

2 5 

0 fj 

^^atu^c po]>TDorphonuclear neutrophils . 52.7 

5 3 

4 7 

1 4 

3 20 

1 0 

0 

Limphociics .... ... 33.5 

P.E. = probable Error. 

cr = Standard Deviation. 

Mp =! Mean Female ^'alue. 

Mm » Mean Mate Value. 

33. S 

0 4 

6 5 

4.30 

4.4 

0.19 


Mm — Mr 

— ■ — ^ =* Criterion for significant difTcrcncc. 

VpE’iT+PEr 


Thus it may be concluded that aged females, in general, liavc » tota 
white blood cell count that is slightly lower than that of aged 
The distrii)Ution of the various tvpes of leukocytes in tlie peripher.i 
blood of males is not materially different from that sliown by feina p 
in the same age group. Furthermore, the normal values reportm in 
the literature as well as in the textbooks for young adults .«ecm to lo.i 
for the case of aged individuals. . , 

Conclusions for Part H. 1. Total leukocyte counts and dtltcreatM 
counts were i)erformed on a group of 50 normal aged malc.s anti •> nt’e* 


% The females showed a statistically reliahh* dilfcrciicc in the lot.d 

leukoevte counts from those of the males. , 

3. The differential blond counts of tlic male.s and tlie females ■ 

no reliable differences. , , . 

4 The values reported cl‘=cwherc for normal values m } 
adults may be assumed to hold for the cii.se of ngerl indiudu.d- 
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THE EFFECT OF MYXEDEM/l UPON HEMOPOIESIS IN 
LEUKEMIA AND RELATED DISORDERS 

By Jerome T. Paul, M.D. 

INSTRUCTOR IN MEDICINE 

Louis R. Limarzi, M.D. 

ASSISTANT PROFESSOR OF MEDICINE 
AND 

Lindon Seed, M.D. 

ASSOCIATE PROFESSOR OF SURGERY 
CHICAGO, II^L. 

(From tiic Departments of Medicine and Surgery, College of Medicine, 
University of Illinois) 

There are many publications dealing with the role of the thyroid in 
erythropoiesis. It has been shown^ ®’^®'^^ that anemia is a frequent 
finding in myxedema; and there is abundant evidence®-^® to indicate 
that the abolition of the thyroid gland depresses er^Miropoiesis. The 
reports of the effect of thyroid on myelopoiesis and l.ymphopoiesis are 
scanty. In 1934 Dameshek® described the improvement in a case of 
chronic lymphatic leukemia after total thjwoidectomy. The following 
year Witts^® reported that total thjToidectomy produced no beneficial 
clinical or hematologic change in chronic lymphatic leukemia. It 
therefore seemed advisable to investigate the effects of mjocedema on 
hemopoiesis. 

Clinical Material and Methods. The cases studied included poly- 
c,\thcmia vera (2 cases), erythroleukemia (3 cases), chronic myeloid 
leukemia (2 cases) and chronic lymphatic leukemia (2 cases). Of this 
scries, 3 cases were considered unsuitable for study because of the 
short postoperative survival periods. 

A complete hematologic survey, including sternal hone marrow 
examination, was made in each case prior to and after removal of the 
thyroid. The method used for obtaining and studying these marrows 
IS described by Limarzi.* The basal metabolic rate, blood volume 
estimations and blood chemistry including cholesterol, calcium, phos- 
phorus, serum proteins and uric acid were taken before and repeatedly 
following thjToidectomy. 

All thyroidectomies were performed by the same surgeon (L. S.). 
After o})eration the patients were allowed to develop a mj’xedematous 
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State as demonstrated by drj-, coarse skin, pnfBness, heat intoIeraiuT. 
depressed basal metabolic rate and elevated blood cliolesterol. 

Polycythemia Vera and Erythroleukemia. A case of poh-cvtlieinw 
vera previously reported® has been followed for the past 7 vcars. Prior 
to thjToidectomy the patient’s complaints rvere headache, dizziness, 
fulness in the head, flushing of the face with cyanosis of the lij>s, hands 
and face, weakness, dyspnea, nausea and occasional attacks of vomit- 
ing. Headaches persisted for a few months after surgery. Within 
3 months she commenced to der'elop signs and symptoms of hypo- 
thyoroidism. Two years after the removal of the thyroid this patient 
presented all the findings of mj-xedema. The basal metabolic rate 
was —28%, blood cholesterol— 250 mg. per 100 ce. blood and she com- 
plained of marked fatigue, edema of the eyelids and ankles, dry, thick 
skin and a persistent sensation of coldness. 

It will be noted (Table 1) that the blood picture has changed mark- 
edly. The hemoglobin, erjdhrocj*tes and hematocrit ha\'e dropped to 
less tlian half of the preoperative ^-allies. The total blood volume has 
decreased from 10,706 to 3790 cc. The mean corpuscular r'olunie has 
increased to 103.7 cu./i and the mean corpuscular hemoglobin to 
36.1 fing. Thus, we are now dealing with a macrocytic, hypcrchromic 
anemia. The leukocytes, differential blood pattern (Tabic 2) and 
platelets were not appreciably altered. 

The bone marrow in pol;v'cythemia vera reveals a hyjrcrjilasia of ail 
the cells. Qualitatively there is a marked cr\'throid immaturity and 
normal myeloid and megakaryocytic elements. P^ollowing th,\Toidrc- 
tomy tliere is a quantitative decrease in the number of marrow cells 
while qualitatively the bone marrow is unchanged. 

The patient was then placed on thyroid extract. During the next 
4 years she was reasonably free of her preoperativc symptoms. H'*"'* 
ex'er, she then began to e.xperience recurrence of headaches and^diz.z.i- 
ness, and e-xamination of the blood showed a hemoglobin of 17 gni. 
and an erx-throcyte count of 7,800,000. Her symptoms were relieved 
by repeated venesections. Since then she has taken thxToid^ e.xtme! 
intermittently and has been able to pursue her routine duties. At 
times the injwedcmatous symptoms become pronmmeed becaiisf o. 
failure of the patient to adhere to the dosage of thyroid e.xtract recom- 


mended. 

Three cases of crythrolcukemia were studied. Ail of the patient- 
presented similar hematologic findings, namely, increased hemoglobin, 
erythrocx'tes and leukocx'tes, and an immaturity of the granulocyte- 
(Tables 1 and 2). In cr\-thro!eukcmia, which is probably a variant 
of myeloid leukemia with the added feature of erythremia, the ^^ 0 -‘rnai 
marrow presents a quantitative increase in all cells with a mar .<< 
mveloid immaturity by virtue of many more neutrojdiilic mycloeyie- 
and mveloblasts than is usually seen in cases of chronic ['V'';”'' 
leukemia or polycythemia vera. There is a marked crythroid im ■■ 
tnritv and a pronounced increa.se in the ruunher of incgakar.yK-.x t i 
x-arious phases of development. After rctnox-al of 
the cases of erythrolcukcmia re.-poiidcfl witii a <i ,>■ 
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of the hemoglobin and erj-throcjdes. The third case (N. A.) did not 
show' much change in the hemoglobin and en-thrccj-te estimations in 
spte of an existing m^%-xedema. In 2 of the patients' (N. A. and J. K.) 
the anemia was macrocj'tic and hyperchromic in character. Post- 
operativelj' all of the cases shmved a progressive leiikoc\'tosis and imma- 
turity of the granulocytes, many normoblasts and a variable change 
in the number of blood platelets. 

Before surgery the patient (Iv. H.) had platelet counts in excess of 
1,000,000. These platelets presented alterations in size and shajie. 
The removal of the thxToid induced a ^‘megakaryocytic crisis” in tiie 
bone marrow' manifested by a rise in the platelet count to 2,5l)(),(K)(1 
w'ith abnormalities in size and shape of the platelets and megakaro- 
c^dic elements in the peripheral blood. Three years after ojieration 
normal platelet counts were obtained. Except for a moderate decrease 
in the number of immature erythroid cells the bone marrow reinaiuiMi 
unchanged. 

Chronic Myeloid Leukemia. A case of chronic in\'eloid leukemiii. 
was followed for 1 year after thyroidectomy. Hemoglobin and eryth- 
rocj'tes (Table 1) decreased progre3si\’el.v and 10 months {jostojiera- 
tively the}' were approximate!}' half of the initial counts. The mean 
corpuscular volume increased from 93 to 103 cii./j. The total white 
cell count dropped from 145,000 to 90,000. Because of progressive 
enlargement of the spleen se\'eral Boentgen ray treatments were ad- 
ministered. Following this, white cell counts of 33,000 to 50,0IX) were 
obtained. The differential blood smear (Table 2) prior to removal of 
the tlnToid was typically that of chronic myeloid leukemia (myelocytie- 
nietamyelocytic). The immaturity increased during the remair)der I'f 
the follow-up study. 

The bone marrow' in chronic myeloid leukemia consists of an uncon- 
trolled hyperplasia of normal appearing myeloid cells with a depression 
of erythropoicsis and megakaryopoiesis. Following thyroidectomy, 
the myeloid immaturity in the bone marrow was increased. The 
erythroid and mcgakaryocytic elements were greatly rcducerl. 

'chronic Lymphatic Leukemia. A man with chronic lymphatic leu- 
kemia was under observation for 2 years after removal of the thyroid. 
An appreciable diminution in the hemoglobin and erythrocytes was 
obtained at this time. The total white cell count had increased frotii 
150,000 to 400,000 with no essential alteration in the differential hloo'l 

pattern. , , . . . 

The sternal marrow in chronic lymphatic leukemia is overrun l'} 
large numbers of small lymphocytes, similar to those seen in the 
peripheral blood. There is an almost complete disapp«ininee of 
nucleated red cells and megakaryocytes. Complete ablation of tiw 
thvroid gland docs not produce any significant change in flu- le)n'- 


marrow. , . 

Additional Laboratory Findings. A gastric nnaiy.^i 
of the thvroid and after development of inyxt'rlcma 
3 of the wscs (E. A., J. K., K. if.). Xo significant 


s Ix'fnrr niiioval 
flifTcreru'^' 
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degree of acidity was noted. In 2 of the cases studied, the absence of 
free acid was determined even after histamine stimulation. 

Except for the' cholesterol the blood chemistry was not appreciably 
changed. In all cases the blood cholesterol (Table 1) was found to be 
increased after surgery. Two of the patients exhibited sjanptoms and 
findings of postoperative tetany with blood calcium ^'alues of 5.5 and 
G mg. per 100 cc. of blood. 

Discussion. In a comprehensive review of the literature on the 
peripheral blood in thjToid disturbances, Bomford^ is of the opinion 
that the anemia in myxedema is a physiologic adaptation on the part 
of the red cell to a diminished need of the tissues for oxygen. He 
points out that the anemias found with myxedema can be divided into 
3 tj’pes, (1) hj^erchromic macrocytic, (2) hjqDochromic and (3) 
Addisonian hyperchromic. Following total thyroidectomy for the 
treatment of congestive heart failure and angina pectoris, Stern and 
Altschule^® noted the development of a macrocj'tic, hyperchromic 
anemia. Jones® in a study of the sternal bone marrow in mjxedema 
and hyperthjToidism found a normocji;ic, hypochromic anemia in his 
series of hj’pothyroid cases. Sharpe'® working with thjToidectomized 
rabbits obtained an anemia charaeterized by a definite macrocytosis 
and hyperchromia. This change was not found clinically and the 
author believes this discrepancy may be due to the amount of func- 
tioning thjToid tissue in the spontaneous cases of myxedema. Kunde, 
Green and Burns® produced experimental cretinism in rabbits by total 
extirpation of the thyroid. Four to 6 months after thyroidectomy a 
macroc;si;ic anemia was found. 

Of the 6 patients in this series completely studied, 4 developed a 
macrocytosis. Three of these cases had an associated hj'perchromia. 
A microcj’tic, hypochromic anemia was observed in a case of erythro- 
leukemia and in chronic lymphatic leukemia. The macrocytosis found 
postoperatively is similar to the results of Sharpe,'® Stern and Altschule,'® 
and Kunde, Green and Burns.® The macrocytic anemia or macro- 
cytosis following thjToidectomy in these hemopoietic disorders was 
not associated with a megaloblastic bone marrow nor with a megalo- 
cytic, pernicious anemia blood pattern peripherally. 

The induced m^ocedema did not influence the leukocytes or the 
blood pattern in polycythemia vera. Increased leukoc.\’te counts and 
a greater immaturity of the granuloc\i;es were found after thyroidec- 
tomy in erythroleukemia. It is sometimes difficult to distinguish 
between erythroleukemia and polycythemia vera. The erythremia, 
leukemic blood picture, thrombocjiihemia with atypical blood platelets 
and megakaryocytic elements and the leukemic involvement of the 
spleen, liver and lymph nodes serves to separate these cases from poly- 
cythemia vera. Occasionally cases of polycythemia vera with an over- 
activity of the leukogenic and megakaryogenic tissues may result in 
granulocytic immaturity and an increased number of normal and 
atypical platelets and megakaryocytic elements in the peripheral blood. 
A number of authors" have expressed the opinion that leukemia and 
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polycjtliemia vera are related diseases. On the otiier hand Xacccli'-’ 
considers cases of erj-tliremia which subsequently show signs of niyehv 
genous leukemia as e.vamples of myeloid leukemia at a stage before 
anemia has appeared. Harrop^ and Eeznikoff, Foot and' Bethea" 
believe that polyc^-themia vera and leukemia arc not related disorders. 

In contrast to the report of Dameshek- the case of chronic lymphatic 
leukemia followed in this series did not benefit by total removal of the 
tluToid. The anemia became more profound, the leukocytes increased 
approximately 3 times their initial number and the dilierential did not 
change appreciably. 

Xaegeli^- considered leukemia to be a disease produced by hormone 
disturbance. According to Oswald’’ no gland of internal secretion, 
however greatly disturbed, shows a blood picture which might even 
resemble leukemia. From the results of tliis investigation it would 
seem that the leukemic processes (myeloid and lymphatic) were not 
affected by total tinroidectomy. The case of myeloid leukemia .sur- 
vived for 1 year after surgery and the clinical and hematologic pictures 
with the e.\ception of the myxedema did not appear to differ from that 
observed in the usual course of leukemia. 

Conclusions. 1. Erytliropoiesis is depressed in polycythetnia vent 
after a total tinroidectomy and development of tin-xedcma. 'J’he 
anemia is macrocytic and Injierchromic in type. J.eiikopoii'sis i- 
unaffected. 

2. In ervlhroleukemia, myxedema induced ii moderate to markt^l 
depression in er\'tliropoiesis. The anemia is macrocytic or mierneytiv 
in type. There is a stimulation of Icukopoicsis. In 1 ca.-^e, after 
thjToidectomy there was early a “megakiiryoc\ tic cri.-ji.': ” follnwetl later 
by normal platelet counts. 

3. Hemopoiesis in chronic lymphatic and chronic myeloid leukemia 
is not altered by an induced my.xcdcma. 
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AIR-BORNE CROSS-INFECTION IN THE CASE OP THE 

COMMON COLD 

A FURTHER Clinical Study of the Use of Glycol Vapors 
FOR Air Sterilization* 

By T. N. Harris, M.D. 

inbtructok in pediatrics 

AND 

Joseph Stokes, Jr., M.D. 

PROFESSOR OF PEDIATRICS 
PHILADELPHIA, PA. 

(From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 
and the Children's Seashore House, Atlantic City, N. J.) 

By far the greater part of mild upper respiratory infections probably 
originate from a virus or from viruses as yet unidentified. For this 
reason, quantitative determinations under varying environmental con- 
ditions of the viricidal effect of glycol vapors upon these disease agents 
cannot as yet be carried out. However, an essential experimental 
approach to this problem can be made by investigations of the inci- 
dence of mild upper respiratory infections and particularly of the 
common cold in children confined to bed in a convalescent home under 
controlled conditions and with the addition of glycol vapor to the air. 
Such an approach, as outlined in a preliminary report^ and as carried out 
at the Children’s Seashore House, gave sufficiently encouraging results 
to warrant a further clinical study. The present report covers the 
incidence of mild upper respiratory infections over a longer period and 
with larger groups of children in the same institution under similar 
environmental conditions. 

Clinical Material. In contrast to the preliminary’' study* in which propylene 
glycol w’as vaporized continuously in a single ward for a period of over 2 months, 
a suitable control w’ard being maintained without glycol vapor, the present 
study included 6 wards {i. e., 3 wards on each of 2 floors) of the convalescent 
home over a period from October 1, 1942, to April, 1943, inclusive. In addi- 
tion to the separation of the children on the 2 floors, each \vard on the same 
floor was separated from the others by long corridors. The w'ards on the 
upper floor, located directly above those on the lower floor, had the same size, 
shape, position, exposure, and window space as those on the lower floor. 
Although the children -with a few exceptions were not allow’ed out of bed, thus 
preventing for the most part actual contact between them, the nurses and 
other personnel frequently risited from ward to ward on the same floor, 
although they rarely risited from one floor to the other. Toys and hooks 
were transferred at times, though not frequently, from bed to bed, inasmuch 
as some of the beds were placed in contiguous pairs and no particular effort 
was made to prevent this, except during respiratory episodes in indiridual 
patients. Parents and friends risited the patients usually over the week-ends, 
hut such risits became less frequent during the period of the study as the ban 
on pleasure driving in automobiles became more strict. In addition, contacts 

* These invest ipations were aided in part throuph the Commission on .yir-liornc 
Infections, Board for the Investigation and Control of Influenza and Other Epidemic 
Diseases in tim Army; Preventive Medicine Division, Oflice of The Surgeon-General. 
U. S. Army. 
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with famay and friends almost ceased during tiie period of studv from mill- 
Januar}' as the result of a quarantine against "sisitors from the Philadelnhis 
area, where a small epidemic of smallpox occurred. This quarantine iv.is 
apparently reflected m the incidence of respirator}- infections in the control 
wards (Table 1). The majority of the children were convalescent from rheu- 
matic heart disease, 4o in number, and from orthopedic conditions, 30: while 
the rest, 30, represented a variety of non-infectious conditions. The aces 
ranged from 3 to lo 5 ’’ears. The sexes were eveulv distributed. 


Table 1.~The Incibexce of Hespiratorv Infectjpxs. CuildrenV 

House (1942-43)* 


Period Totn ) 


beginning 

2A 

2B 

2C 

3A 

39 

3C 

CoutroN 

COvrol 

10/9t . 

. . 0 

0 

0 

0 

5 

S 

JO 

0 

n/ 2 t . 

. . 7 

C 

7 

0 

0 

1 

20 

I 

Sl/26f . 

. . 0 

2 

0 

4 

S 

7 

30 


12/21J , 

. . 5 

9 

6 

0 

0 

} 

20 

1 

I/14t . 

- . 0 

0 


4 

3 


< 

f> 

2/8t . 

. . 3 

4 


0 

1 


7 

) 

3/4t . 

, , 0 

0 


4 

4 


S 

0 


TOTALS AND 

Ward condition 

AVERAGES 

Total 

Per 3;wcclc 
I)erio<l 

PfT xsrt'k 

Before quarantine 

7S 

G 5 

o o 

After institution of quarantine 

22 

3 G 

1 2 

Total witliout glycol vaporization 

. . 100 

5 5 

IS 

Total during glycol vaporization . 

. . 5 

0 2S 

0 09 


Method of Study* The stud}" was dhnded into 3-wcek periods of vajwriz.v 
tion, separated by 2 to 3 days ^^ith no vaporization. Tlie vaporization 
continuous for each period on the 3 wards of one floor, wliilc the 3 wards of 
the other floor remained as a control. Following the 2- to Srilay interval 
between periods, the 3 wards which had been vaporized became tl\c c(uUrol 
wards and the 3 control wards of the prenoiis period became the YajM»rizc<{ 
wards. Such alternation, with the 2- to S-da}" intervals between, occ«rrt'<l 
throughout the length of the study. The number, nature, and severity of tlu‘ 
respiratory" infections were record^ during each 3-wcck period in ll\c 0 wnrd'^. 
The interval of 2 to 3 days was arranged for the purpose of pennitting a 
respiratory^ infection which was incubating from the previous 3-week j^rhxl 
to occur before the succeeding 3-wcek period started. Such an inctihatim: 
infection Avas far more likely to occur from the control than from the vaf^r- 
jzed Avards, and bad the 3^weck periods alternated Avithout a 2- to <Uhy 
interA’al, respiratory' infections for Avlnch they could not liaA'c been con- 
sidered responsible Avould haA'c been tabulated as occurring in the va|K;rizf<I 

wards. i - r . 

The method of A'aporization of propylene glycol difTcrecl from that j)rcAnouMy 
described in that the heat for vaporization Avas suf)plied by a Fm.nll 
resistance unit inserted directly into the propylene glycol which many 
tained at a constant levcl.§ During the gre,ntcr j>art of the sltidy, c.cctrK 
fans Avere placed behind the units for better distribution of the vaj^jr. i nu" 


* Onlv 3 of tho/' rc5pjnifor>* iafrctioa« rc*prr*<"at a in 

viouslv infcctwb The intcn'af betny-on the 2 infeetiotis itevcr thin 
t Glycol vaporize^! on 2cl floor (Wnrtb 2A, CP. 2C). 
t Ghvcol v«nporizc<l on 3d floor. , , « x. t ^ ' 

5 Tlie temperature of the heated S i' C. It J’ 

avoid hich tempcralure- l>ee:xu-c of the povihility of produnni? Mir otr.xtv t 

of the glycol. 


rht! J f 
i wrrt' 
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of this type with electric fans were arranged on stands at the mid-point of the 
end-walls of each room, approximately 3 feet from the ceiling. 

Determinations of the concentration of propylene glycol vapor were made 
at regular intervals throughout the study^ (Table 2), As in the previous 
report, the samples of air were obtained from various points in ’the room at 
approximately the level of the patients’ heads. Table 2 also indicates the 
variation in the amount of propylene glycol at such points, with the electric fan 
both on and off. The amount of prop 5 dene glycol vaporized daily was 600 cc. 


Table 2. — Concentration of Propylene Glycol Vapor in Air— Mg. per Liter 
I. Samples at random, vapor dispensed by fan: 


.067 

.059 

.085 

.078 

.054 

.064 

.042 

.088 

.070 

.074 

.080 

,060 


Mean : . 069 


Samples at various parts of ward, without fan: 
Near vaporizer Middle of ward 

Far end 

.068 

.096 

,060 

.080 

.120 

.058 

.074 

.090 

.040 

.088 

.080 

.038 

.092 

,109 

.044 

.018 

.093 

.047 

Mean : . 094 

.081 

.048 


III. Samples at various times after cessation of vaporization: 

Location of sample taken 


Hours after J length of 

cessation of ward from | length of 

vaporization vaporizer ward 

0 072 .045 

060 .055 

1 023 .022 

2 033 .020 

3 009 .OOS 


Detenninations also were made of the rate of disappearance of propylene glycol 
from the wards following the cessation of vaporization, in order to afford some 
general idea of the effect of the exchange of air in the rooms on the concentra- 
tion of the vapor. Such determinations showed that at the end of 1 hour 
approximately half of the original concentration of vapor was present; at the 
cud of 2 hours, approximately a quarter was present, and at the end of 3 hours 
approximately one-eighth was present (Table 2). These detenninations were 
made under the ordinar}' conditions of activity in the wards and indicate that 
the turnovers of air were considerably fewer than those to be expected in a 
more active institution. 

Suflicient concentrations of propylene glycol were thus maintained to insure 
a marked reduction over the entire study in the total bacterial plate counts of 
the vaporized wards as compared with the control wards (Table 3). In the 
final jicriod of 3 weeks, triethylene glycol in the concentrations originally sug- 
gested by Robertson was vajjorized in the 3 test wards. During this and the 
2 preceding 3-wcck periods, 1 of the wards included in the study was closed, 
chiefly due to the quarantine of the Philadelphia area for smallpox. Such 
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closure eliminated 2 wards from the latter part of the study, inasuiuch 
another ward comparable to the closed ward had to be omitted from tlie finnl 
calculations of the incidence of respirator^' infections for proper comparison. 
Triethylene gl3’col in the concentrations used resulted in an even grcater 
reduction in the few bacterial plate counts made than that resulting from 
propjdene glycol vapor, although the concentration of the latter was main- 
tain^ at approxiniately 10 times that of triethylene glycol Because of the 
greater heat of vaporization of triethjdene gl^’col, the same a])i>aratus for 
vaporization could be used for both vapors, nith the resulting a])proxiniat«‘ 
ratio of concentrations mentioned. The amount of tricthylene glycol couW 
be calculated onl}' roughl}' because of the lack of a satisfactory* metljod of air 
analj'sis for the vapor. The temperature of the wards usunll;* was within the 
range of 68® to 72° F. The relative humidity was not detemiinod iu the 
wards in the earlier periods of the study ; while iu the later periods it ranged 
from 30 to 35%. The studj* was started at a time when the windows were 
closed for the colder season and was stopped when the window.^ were nam 
opened for the warmer season. 


Table 3.— Bacterial Pi^\te Counts in Wards Containing PiiorYLKNK (Jr^roj. 
Vapor and in Control Wards 


Colonies per Petri pinto per Imur C.'olonios per Petri plate por hour iCont\{) 


■ 

I*ropyleiie 


Propylene 

Control 

ftlycol 

Control 

kI\ col 

60 . . - 

. . 13 

70 

13 

So 

12 

S4 

12 

72 

14 

72 

14 

SI 

17 

SI 

n 

SO 

11 

90 

11 

93 

10 

S4 

s 

64 

12 

92 

12 

6S 

9 

73 

14 

102 

13 

SO 

Pi 
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Results. The criteria* used for respiratory infections were the same 
as indicated in the previous study/ with the exception that in a very 
few instances upper respiratory episodes were included which did not 
show fever. All such non-febrile episodes were of the type considered 
to be common colds and were only included on the basis of unmistak- 
ably objective signs. Table 4 indicates the total number of respiratory 
episodes and their division among the 4 categories, i. e., common cold, 
pharyngitis or sore throat, otitis media, and tracheobronchitis. The 
difference between the vaporized and the control wards is sufficiently 
striking to require no statistical support. It will be noted that by 
far the greatest number of respiratory infections, 79, were classified as 
common colds. In one of the ivards in which a nurse was suffering 
from a severe common cold during a period of vaporization, only 
2 children contracted what appeared to be the same disease, whereas 
in other instances in several of the wards acting at the same time as 
control wards without vaporization, common colds appeared to de\"elop 
in considerable numbers from an infected nurse or from other infected 
('hildren. The period of quarantine due to the smallpox epidemic in 
the Philadelphia area started on about Februarj'- 1. Whether or nol 
this was responsible for the lessening of the respiratory episodes follow- 
ing that date is not clear, and yet the association of the two events is 
sufficiently close to appear related. The bacterial flora of the naso- 
pharynx were not investigated, largely because there was no sharj) 
epidemic of respiratory infections during the period of study. 

Tabi,e 4. —The Distribution of the Respiratory Infection 
BY Diagnosis 

Number 


Type of infection 

Control 

Glycol 

Tra chcobronch itis 

. . 12 

0 

Otitis media . . . , 

.. . 2 

0 

Acute pharyngitis 

7 

2 

Common cold . . . , 

. . 70 

3 


Discussion. The striking reduction in common colds in the wards 
^•aporized with propylene glycol is clear-cut evidence of the air-borne 
spread of the causative agent or agents of the common cold under the 
environmental conditions of this convalescent home for children. It 
mu.st be emphasized that the children, with few e.xceptions, were con- 
fined continuously to their beds and the opportunities for direct contact 
were infrequent. Had direct droplet hitsf from sneezing or coughing 
been factors in the spread of infections, a larger number of resjiiratory 
episodes would have been expected in the vaporized wards, since 
propylene glycol could hardly have ]>revented this mode of spread. 

* A rospinitory infection was defined as a clinically recoinn7.ab!e ei)i>ode witli >onif‘ 
objective manifestation in addition to fever. Thus a sore throat was included only if 
it showed an infiamed nasopharynx on examination; a “ common cold/* or painful ear 
was included only if a diseharfie or evidence of inflammation was present, and a eouph 
WHS included only if productive. 

t Obviously* the differentiation between direct droplet hits and air-l>orne droplets 
cjinnot be sharp, but is a useful clinic.al di«:t in ct ion. 
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The lack of infections from direct droplet hits was also related appar- 
ently to the conHnement of the children to their beds. A sufiieient 
reduction in the number of cases of pharyngitis and l)ronchitis was 
noted^ in the vaporized wards to warrant the supposition that cross- 
infections by air-borne bacteria were also limited by the propylene 
glycol vapor although in the absence of nasopharyngeal cultures this 
must be considered conjectural. In the instance of 1 nurse wIh) 
remained on duty in a vaporized ward while suffering from a severe 
common cold,^ the opportunities among the children for contacjt infec- 
tion' or infection from direct droplet liits were considerably increased 
and apparently resulted in 2 common colds among thcin. In these 
2 instances, tlie possibility of air-borne cross-infection from the same 
nurses could not be entirely eliminated. 

That sufficient propylene glycol vapor was continuously present in 
the vaporized wards to reduce markedly the air-borne infective agents 
is evident from the bacterial plate counts obtained throughout the 
study. Inasmuch as the virus agents of disease thus far studied have 
been found susceptible to higher dilutions of the glycol vaj)ors than 
the bacterial agents, the assumption is warranted that the j)roj)yIene 
glycol vapor in the concentrations used inactivated the air-borne agent 
or agents of the common cold. The relative humidity in the periods 
tested was near the lower effective range for the antibacterial activity 
of propylene glycol (35 to 40%). The bacterial plate c*ounts dtanon- 
strateci that this degree of humidity was suffic'ient for such neti\'ity. 

Tlie total daily amount of propyle?ic glycol vaporized would have 
had to be considerably greater in order to maintain an effective c’omen- 
tration, liad not the turnovers of air in the wards been relatively fc!W, 
as demonstrated by the quantitative determination of j)rr)j)ylene gly- 
col over a period of several hours following the cessation of vaporization. 
The amount of vapor for the purpose desired was not only sndieient 
by direct analysis but also sufficient according to bacterial plate eomd*'. 
The effectiveness of trictln'lenc glycol for the prevention of vro>-- 
infections was not demonstrated statistically in this study, altlioui:h 
the .small amount of evidence, as shown in Tabic 3, was entirely favor- 
able to its value, as also were the bacterial plate eoiuits. 

Summary. Pro{)ylcnc glycol was vaporized in wards of a c-hiidn’n " 
convalescent borne in bactericidal c*oncontration. "I’lio ineidenct* o. 
upper respiratory infection was compared in th(*se wards with that m 
control wards and found to be much lower. 7'hc fact that the great 
majority of the upper respiratory infections in control ward-> 
common colds provides additional evideruv of the viricidal effect or 
propylene glycol vapor, and may give indirect evidera-f* al-o of the 
air-borne transmission of the (•ornrnon (*old. 
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THE BONE MARROW OF NORMAL DOGS 

By Leo M. Meyer, M.D. 

AND 

Frank Bloom, D.V.M. 

ROCKVILLE CENTRE, N, Y, 

(From the Pathological Laboi'atorics, South Nassau Communities Hospital) 

In a stud}’’ of spontaneous lymphomas in dogs, it was necessary to 
develop a technique for repeated bone marrow studies in tlie living 
animal. A review of the literature disclosed no consistent methods or 
results which could be used for a standard. Alexandrov^ employed 
Arinkin’s^ sternal aspiration method in the study of the bone marrow 
of 12 normal dogs, and calculated the percentage distribution of mar- 
row cells. Stasney and Higgins® investigated the marrow of 35 appar- 
ently normal dogs immediately after death of the animals by making 
imprints and sections of the 7th right ribs and the proximal and middle 
portions of the right femurs. They found onlj" slight variations in 
the cellular organization from the different sites selected, although their 
quantitative results differed from those of Alexandro\^^ This was 
attributed to the fact that their animals were anemic as reflected by 
lowered peripheral red cell counts. Mulligan^ examined paraffin sec- 
tions and smears of the bone marrow in 35 normal living adult dogs 
and 4 puppies by resecting portions of the 10th, 11th and 12th ribs 
under nembutal anesthesia. The smears were made by expressing the 
marrow from the rib with bone forceps, emulsifying it with plasma 
from the same animal, and then spreading this mixture on glass slides. 
His results were similar to those of Alexandrov,' and this procedure 
was suggested for repeated bone marrow studies, as 12 biopsies may be 
done on an animal if the 7th, Sth and 9th ribs (which are easily access- 
ible) are also used. 

In evaluating these techniques for obtaining marrow, Arinkin’s- 
aspiration method is the simplest and an unlimited number of successive 
biopsies can be made upon the same animal. We have applied this 
procedure successfully in young dogs of medium and large size, but 
difficulty was experienced in small dogs due to the narrow medullary 
cavity, and in older dogs due to an increase in density and thickness 
of the outer layer of compact bone. Ho, Chu and Yuan® described a 
rapid method for the diagnosis of canine leishmaniasis by aspiration 
of bone marrow from the crest of the ilium. We have used this site 
successfully in obtaining marrow from animals of all ages and sizes. In 
addition to greater accessibility, it has all the advantages of Arinkin’s- 
method, as the sternal marrow in the dog can only be aspirated from 
the upper -f-5 segments. 

Material and Methods. The bone marrow was ol)tained from 10 healthy 
male aiid female dogs of dilTcront breeds, ranging in age from 1 to 1 1 year.<, 
and which wore free from internal and external parasites. The animals were 
privately owned, and unlike the usual laboratoiy dog, had been well-fed and 
not subjected to any previous operative or other experimental procedure. 
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Examination of the peripheral blood indicafed hemoglobin, red, white niul 
differential counts \nthin the accepted nonnal ranges. 

The ilium of the dog is nearly parallel with the median plane of the Mx 
ihe outer glutei surface of the wing of the ilium is concave and thin It V 
expanded anteriorly to form the crest which is strongly convex, thick, rough 
and prominent. The wing is bounded dorsally by tlie tuber sacrale which i- 
thickened and has 2 eminences, and ventrally by tlic tuber cox:e which h.'i- 
2 prominences. The tuber sacrale and coxa; togetlicr witli the crest join to 
form the outer border of the anterior portion of the ilium. 

^ The technique for marrow puncture is as follows: The animal is held on it> 
side by an attendant or is strapped to the table in that jiosition. Local 
anesthesia is not required as verj' little pain is exjicricnccd, and it is unneciN- 
sary to clip or shave the hair from the intended puncture region. Tlie skin 
and hair over that area are sterilized with any suitable antiseptic. The ante'- 
rior border of thejlium is outlined Avith the fingers of one hand, and a stcrih* 
If inches long, 15 to IS gauge Kaliski or similar type needle witli attachc<l 
.st^det is inserted through the skin and muscles into tlie tiuckest ]ior(ion of ihv 
crest. The needle is simultaneously piislicd and rotated with a screwing 
movement until the medullarj' ca\dty is entered. Occasionally, entrance i> 
recognized by a sudden “give,” although this is not usual. AVhen the niarroa 
ca^dty has been penetrated, the stylet is renioi'cd and a dry 10 t(> 20 cc. svringc 
is attached to the needle and about O.I to 0.2 cc. of the marrow willulrawn. 
The needle together the attached s>Tinge is removed from tlie aniinal and 
the drop expelled on a clean glass slide. From this drop, white cell and 
raegakar}'OC3"te counts are done with the same technique as for the wiiite colb 
of the peripheral blood. Thin smears are made on several clean slides 
and stained with Wright^s or ^lay-Gninwald-Gicmsa as for peri))lieral I)1 <kkI 
.smears. Five hundred nucleated cells arc enumerated and the percentagi^ 
estimated for the differential count from the stained smears. 

Several precautions must be exercised in obtaining tlie marrow. Not mori* 
than 0.2 cc. should be withdrawn to avoid too great an admixtun' with bbxKl. 
As a distinct “give” is usually not felt when tlie mcdullar>' eavity ent^n^l, 
the needle can easily be pushed cornplctoh' tliroilgh the bone. To avoid tlii-. 
the needle should be directed toward the thickest portion of the crest, the 
sjTinge attached to the needle frequently and the jdunger withdrawn to deter- 
mine entrance into the marrow cavity. The bone mnrrriw of the n»agU' 
lates ver>' quickly, requiring rapid execution of tlic entire jiroroflure. .Vnti- 
coagulnnts arc not recommended as the fragility of the cells may be incre,a-»vi 
and a greater number of unidentified cells obtained in the <lifTercntinl count 
If the animal is obese, the IJ inch newllc may be too short, that a lotigvr 
needle, 2 to 3 inches in length should be used. 

Observations. The marrow ccdls of the clog arc similar fo tho-^o in 
man, and we have followed the classification of ^ ogel, Erf ami Ho-cn- 
thal* in the identification of the cellular constituents of the dog inarrou , 
The results of the periplicral blood and marrow studies are ret’orriHl 
in Tabic L Our observations indicate that an average* of 
the marrow cells are of the myeloid serif's clistributed a> follow-^: m-n* 
trophilic myelocytes (:L7r»Sr). non-segment<‘fl neiitn»j)hib f2:L.V; ) ami 
segmented neutrophils (18.5. ^7). ^ The niyeIobla>ts, er>dno[)I»iIn- 
loc\'tcs and non-segmenter>. c(»-inof)hils. ba-ophiI< an/I^ hcreropm - 
. together comprise TUv crythrfiid ccll> aviTage^sJCe • 

the megaloblasts are 1.02^1. erythroi,Iast> 2 .:/,; and 
:ioAS9c^ The remaining 12.98^ Cf>nM-t principally fit lyinjmrH-;. t' * 
which total O.S^c leaving :L18 ';c the other cla-Mfii fl ^ 

In -tainerl marrow smears, oonisioiial agranuh>cytic rnyrl^K :. t.- , n * 
pfdvnnclears oc<^m, which an* attributf.l tr. rliUfTcmt^ <if TfMtn.nfe.. 
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rate of the nucleus and cytoplasm." In addition to these agrannioeytic 
forms, there are found granule-free myelocytes, non-seginente»l and 
segmented neutrophils that have matured equally as far as the tmeh-i 
and cj-toplasm are concerned. The criteria for their recognition 
depends on the nuclear and cytoplasmic characteristics. 


Table 2 .— Comp.kuison or Peripheil\l Blood and Bone ^tAR^o^v I)at\ or 
Dogs Heported bv DirrEriENT Authors 


Peripheral blood 


Stasneu ORf? 


pm*-'-: 

Alexandrov 

//logins 

MuBir^n 


Red blood cells per c.nim. 

6,335,000 

5.000,000 

6.760.000 

6.t*20.(VKl 

Hemoglobin ... 

100% 

No other 

14.4 gzn. 

12.2.' cm. 

White blood cells per c.mm. . 

11,200 

data 

10.700 

13.520 

Metaneutrophils ... 

0 17 

given 



Juvenile neutrophils 




1 2 

Stab neutrophils 



4 2 

4 I 

Neutrophils . 

07 23 


70 (» 

67 U 

Eosinophils 

3 4S 


4 I 

.3 0 

Basophils 

0 00 



0 3 

LjTnphocytes 

14 30 


10 3 

20 7 

Monoci'tes . .... 

12 30 


1 S 

2 S 

Smudge forms 

1 30 




Turck cells .... 

1 00 




Reticulo-endothelial cells 

0 02 




Normoblasts (numl^er per 100 white 





cells) 




0 i] 

Bone marrotc 

Sternum 

Kih 

/07. 


Total white cells per c.mm. 




Ml>0o 

Megakao’oeytes per c.mm. 




41 2<i 

Myeloblasts 

} 20 

0 51 


0 5S 

Leukoblasts 


1 SO 



Promyelocyte neutrophils 

0 00 

2 S3 

1 5 


MyeIoc>*te neutrophils 

I 20 

S 03 

4 7 

3 <6 

0 20 

MyeIoc>*tc eosinophils . 

0 50 

1 15 


Metamyelocyte neutrophils 

fi 70 

15 20 

10 5 


Aletamyelocytc cosinopliils 

I 00 




Stab neutrophils 



31 0 


Non-sogmented neutrophils 




23 1 »0 

Non-segmented eosinoplu'is 




0 12 

Neutrophils 

3.% 10 


3 0 

J V , ii 1 

Eosinophib 

1 32 

2 S5 

3 7 

1 5** 

Basophils 

0 13 

0 05 


0 02 

Granulocytes 

Heterophils 


5 ch; 

0 14 


0 tr: 

1 tr * 

Megaloblasts 





Proerj‘throblas is 

1 iK) 


0 5 


Eiy'thro blasts 

21 50 

5S OH 

1 7/ 

-r* Ik 

Normoblasts 

0 10 

3 s 1 


^ I ega kaiyocy t cs 

0 12 


t 

Lj-mphocytes 

S SO 

1 21 

1 

O iO 

Pathologic bmphoryics 

10 40 



1 2’^ 

MonocA’tcs . 



o It 

Monoblasts 




f» -2 

Plasnvi celb 

5 10 



fi "3 

Rcticulo-endothelbl celb 

0 

0 t\ 


Stem celb 





Tilrck celb . 

0 30 



o tl 

Hematogonrs 

•* 'A 




ifrnudgc form^ . 



2 I 


Unidi-ntirjc<l cells 


o f/.: 1 



Myeloid-eO’thrniri ratio . 
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The presence of occasional deep blue granules in eosinophilic myelo- 
cytes and non-segmenters has been described in man and dog. There 
appear to be greater numbers of these cells when the smears are 
stained with May-Grunwald-Giemsa than with Wright’s stain. 

Comment. Table 2 demonstrates a comparison of our quantitative 
data of the bone marrow and peripheral blood with that obtained by 
other investigators. Although the data for the peripheral blood are 
very similar, this is not true for the bone marrow. In addition to 
variations in nomenclature, there are differences in the quantitative 
percentages of the marrow cells. The latter may be due to the ani- 
mals used as, with the exception of our series, laboratory dogs were 
employed in all instances. 

The myeloid-erythroid ratios in man, rat and the rabbit are greater 
than one.® This is also noted in the dog, but in general there are 
greater numbers of er^iihroid cells as compared to myeloid cells than 
in man and rabbit. The increase in cells of the erythroid series in the 
dog may be possibly due to the fact that the red cells of the peripheral 
blood occur in larger numbers, which might necessitate a greater 
erythroid activity to maintain the normal quota of erythrocjdes in the 
circulating blood. 

Reich and Kolb® in a recent quantitative study in man found con- 
siderable variations in multiple sternal marrow samples taken simulta- 
neously. These observations consequently cast doubt on the accuracy 
of total cell counts of the marrow. Despite this criticism, we believe 
such examination aids in distinguishing hypoplastic from hyperplastic 
centers, particularly when care is exercised in aspirating not more than 
0.2 cc. of marrow. 

The technique of obtaining marrow from the crest of the ilium is of 
obvious value when repeated examinations are desirable. The pro- 
cedure is simple and lends itself to frequent observations of changes in 
the myeloid and erythroid tissue under normal, diseased and experi- 
mental conditions. 

Svumnary. 1. A simple method suitable for repeated biopsies in 
obtaining bone marrow from the crest of the ilium in living dogs has 
been described. 

2. Data has been given for 10 normal dogs concerning tlie total 
nimi])er of nucleated cells and megakaryocytes, and the percentage 
distribution of marrow cells of the ilial bone marrow. 
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THE TOXICITT OP PENICILLIN AS PREPARED FOR CLINICAL VSE 
Bv Dokotuy 31. Hamre, Pn.l). 

ASSISTA^’T, l>n'ISlOX OF MICKOBrOLOGI 

Geoffrey Bake, M.B.. B.S. 

HF.aD of TnK DIVISION OF MlCIt0U10L0r,\ 

CL.VR.Y 31. 3rcKEE 

ASSISTANT, DHTSION OF 3IICnODIOLOG V 
AND 

Harolu B. 3IacPiiili,amy. Pn.D. 

ASSOCIATE, DIVISION OF O EG A NIC CHEMlSTlII 
NE3V BRUNSWICK, N. J, 

(From The Squibb Institute for Mwlical Ibvcarrh) 

Ix the course of experinicuts on gns gnugrcuo,^ 7 ^uhwn ph^s tvhkh 
had been infected with CL pcrfringni^i and treated suhcutaneoibly 
with penicflh'n died, although they had shown no syiniitonis of ga- 
gangrene. Tiiey Jiad received 2000 to 4000 Morey units (h\r.) jht kir. 
per day in 7 doses daily for S to 4 days, Deaths oecnrm! 12 to 72 
hours after treatment had been stopjicd. The only signs of illness were 
extreme anorexia, ruffled fur, lethargy and loss of weight. At autop-y, 
no local or systemic evidences of gas gangrene were fountl, and no 
anaerobes were recovered in cultures, nor were there any finding- 
suggesting death might he due to any S])ontaneous intereurrent infei'- 
tion. The amounts of penicillin given to these animals were well he!<»\^ 
the toxic level for otlier animals, but tJie possibility remained that 
guinea pigs arc more susceptible to penicillin than other animal-. '1 o 
investigate this possibility, further experiments were undtTtuken. 


Experiments* PcmcilUn used in these experiments was prep:irF<i fn>m mob’ 
culture filtrates of Pcnd//ium nofafttm grown on Cza}wk-I)(»x medium’ 
by substitution of brown sugar for glucose.* Pro) mirations I’ooled I.ot 
F.U. per mg.) and No. 27404 (90 F.U. per ing.) were Sf^lium rMt* hu 
clinical use prepared by Dr, J. C. lloogerhckle and Mr, (*. \V. KlpTb ia hy 
extraction of the culture filtrate at pll C>J) Avith butanol, n'plni-euu'nt (»f tly 
latter by benzene, the rcextraction with bicarbrmate folUnvt'il by Iran-b r, \ y\ 
ether, into phosphate InifTer and finally into bicarbonate volutioriA '11.^'*'*' 
preparations were actually iire<l cliniraliy, Prej)aration M.VSI 14 . jy" 
mg.) was prepared by rme of ns (JLIbM.) frtun a pr^Kluet 1 ' 

]>er mg. by a purifienrion procciiure involving sefeetive myxtrartion frern » 
solution with pll o buficr, conversion into the mkIjuiu jirecijut^te !. * ‘ 
impurities witli silver sulfate and j>rej)arntion of the srslimo -alt fry'u t 
material remaining in t)ic suj>cTnatant solution. 1‘renaration As72 1 ’ 
per mg.) prepared by Dr. A. K. (>. Menzel, originat/^^l from n pr<;- v-.- 

tions which had been purific<i by transferring into eldorofon/j in ih' [‘.o-y 
ammonium sulfate at pH 4, extracting vrith buffer at ldjj’>, - ; 

chloroform procedure and extracting with buff^T at fdl 
buffer solution was traiK-fcrrM to cth^r and the s/»'iiurn -alt pr^ ' 
extraction with so<jium hicarlKumte.* Sr.^^lium Kilt 
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H, B. M. by the amyl acetate extraction procedure from a batch of deep 
culture filtrate. Further purification was effected by chromatographic 
methods.* 

The activity of these preparations was detennined by in vitro titration 
against a 6-hour culture of Staphylococcus aurexis strain H.f Decreasing 
amounts of penicillin were placed in a series of 13 X 100 mm. tubes, the volume 
in each tube brought up to 1 ml. with broth and 1 ml. of a lO"® dilution of the 
culture in broth added to each tube. The tubes were shaken and incubated at 
37° C. for 16 hours. The smallest amount of penicillin inhibiting growth a.s 
indicated by lack of any turbidity after shaking the incubated tubes was taken 
as the end-point and the number of Florey units per milligram detennined by 
comparison with a standard preparation of penicillin simultaneously tested in 
the same way. The standard had been pre^dously assayed by comparison with 
a standard preparation of known potency.!^ All penicillin was kept either dry 
or in aqueous solution at 1 to 3° C. under which conditions it was stable for 
the periods under observation. Both for intravenous and for subcutaneous 
injection the penicillin was prepared in distilled water. 

Acute Toxicity of Penicillin. The comparative toxicity of penicillin 
given intravenously in a single injection to mice, guinea pigs and rab- 
bits is presented in Table 1. All of the animals received the same 
preparation (Lot No. 27404) containing 90 F.U. per mg. The solutions 
contained no particles and were injected slowly to avoid reactions due 
to hjqjertonicity. 


Taiilk 1.— Acute Toxicitv or Penicillin Given Intravenously to Mice, 
Guinea Pigs and Rabbits 
(Penicillin Lot No. 27404 Containing 90 F.U. /mg.) 


Aniinnls 

Wt. 

(gm.) 

Dose 

F.U. 

F.U./kg. 

iMg./kg. 

Kesult 

10 mice 

.... 20 

1,395 

09,700 

774 

No reaction 

mice . 

. . . . 20 

1,800 

90,000 

1000 

4 died in 4 hrs. 

1 mouse . 

. . . . 20 

2,511 

125,000 

1388 

1 died in 5 days 

Sick, recovered 

‘1 mice 

. . . . 2tl 

2.70(} 

139,000 

1544 

1 died in 30 min. 

Uumca pig: 
No. 170. 

. . . . 225 

4,185 

18,000 

200 

2 died in 16 hrs. 

1 sick, recovered 

No reaction 

No, 180 

.... 211 

5,580 

27,900 

310 

No reaction 

No. 181 

.... 178 

5,580 

31,300 

347 

No reaction 

No. 185 

. . . . 230 

12,370 

53,000 

588 

Died in 93 hrs. 

No. 180 

, ... 214 

12,370 

57,000 

633 

Sick, killed in 9 da.\s 

No. 18-1 

.... 210 

15,462 

75,000 

833 

Sick, killed in 9 days 

No. 183 

. . . . 237 

15,402 

75,000 

833 

Died in 2 min. 

No. 382 
Hubbit: 

No. 3 . 

. . . . 305 

30,925 

101,000 

1122 

Died in 10 min. 

. . . . 700 

37,110 

47,000 

533 

No reaction 

No. 2^ . 

. . . . 770 

55,005 

70.200 

780 

Died in 72 hrs. 

No. 1 . 

. . . . 1100 I 

22.310 

1 1 1 .0t)0 

1233 

Died in 1 hr. 

Ooccidiosis po.«sibIo cause of death. 





The numbers of animals were too .small to determine accurately the 
minimal fatal dose, and could not be increased because of lack of ma- 
terial. However, it is apparent from these experiments that, although 
tlic guinea pigs appear slightly more sensitive, there is no great difter- 
cncc in tlic susceptibility of mice, guinea pigs and rabbits to a single 
intravenous dose of penicillin. Also it is obvious that the acute toxicity 

Details of the inirificiition jirocedure* will be pnblislied in connection with chemical 
Mndios on penicillin which are in progrc.ss in the Division of Organic Cheniistrj' of The 
i^qnibb Institute for Medical Research (Drs. Oskar Wintcrstcincr, Harold B. MncPhil- 
lamy and Artlmr E. 0. Mcnzol). 

t We are indebted to Dr. N. G. Hcatley for this strain of Staj)hyJoccfccu^ 
t This standard ws obtained through tlie <*otirtcsy of Dr, H. W, Florey. 
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of penicillin is not very great This is borne out by the reports of 
other workers. Chain, Florey, Gardner, Heaticy, Jenninps. Orr-Kwin*: 
and Sanders- found that 10 mg. intravenously had no effeot on initv 
and rats, and that 40 mg. had no effect on the blood prc^ssun'. heart 
beat or respiration of a cat. They did not give the activity of their 
penicillin in Florey or any other units. Hobby, IMeyer, and 
gave 32 mg. (1.8 gm. per kg.) as the L.D. 50 for IS gni. mice, and 
reported no reaction in guinea pigs following the injection of m;-, 
(1.3 gm. per kg.), but they also did not give the potency of their 
penicillin or the number of animals used. Abraham. Chain, Fletcher, 
Florey, Gardner, Heatley and Jennings^ were able to })r(>ducv a severe 
reaction in mice by the injection of 20 mg. of a j)rc{)aration nintaining 
40 to 50 F.U. per mg., but Florey and Jennings^ reported that 20 mg. of 
penicillin containing 250 to 325 F.U. per mg. could he given to 20 gm. 
mice without ill effects. This indicates that purification ralucvs the 
acute toxicity of penicillin. The results of the experiments re[)ort(*<t 
here, in which only one penicillin preparation (00 hM’. per mg.) wa^ 
used and a dose of 1 gm. per kg. produced severe reactions arul death 
in mice and rabbits, are in agreement witli those of IlobinsoiO' who 
produced 90% mortality with the intravenous injection of with 
90,000 F.U. per kg, of a preparation containing (10 F.U, p(T mg., hut 
with a preparation containing dOO F.U. per rng., deaths did raU oc-t ur 
when the intravenous dose was helow fiOO.OOO I'.U. jkt kg. In an 
experiment using small niunl)crs of mi(‘C we obtaimai only siit:iu 
reactions with 250,000 F.U. i)er kg. of a preparation <‘r»ntaining 5*)“ 
F.U. per mg.,'° further indication that purification h)wers the toxicity. 

Toidcity of Multiple Subcutaneous Doses of Pencillin. In t)j(* cx/a-r:- 
ments on treatment of gas gangrene with penicillin, the guinea 
had received multiple doses subcutaneously. 1"hcrefon% the next 
experiment was designcfl to cx)mpare tlic reactions of piiruxi fjigs, 
and rabbits to repeated siil)eutancous inj^'f^'tiuiis of jHunciliin. 'Uvn 
guinea pigs and one rabbit received about the saim* dose |ht kc. oi 
body weight and 0 mice about one-half this dose per kg. of tin* -atnr 
penicillin preparation, TJie results are given in Tabic 2. 


TaBI.!: U.'— Tr)XiciTY or UKPKvTr.n St'nr:tT\S‘j:oT nr 

GriNrA Pc;**. Me:!: avp 

f PptjiriHiB Propnmtion'* PooIoU I/it, 100 P.P. m;::-. Ciiv#*n 7 Firri*" TP*' } • 

Tnfa! 




Sjncf»* 



Wt. 



AniniAl 

(rrn ) 

}\\\ 

; *-r 

No. H'* . . 

. 1*7S 


yr 

tr.r. 

No. . . 


.V«/l 

v:,ur)ix 



r'.£ 

Halil'it - 




*'No. 37 . . 



ij U4-1 f ,r. 
IJ* n? 


»Vr 1 


7.7 ‘/Jf C 

No^. Itot' 



77 r-x. 

Bcith piinra piC' 

nwiving 

. * 't 

the |KH>[ 

ft. f 


w / / ifi f W 

m-) r r 
n J V. 
nn n/. 

r 
} c 
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TJiese results indicated that guinea pigs are more susceptible to con- 
tinued subcutaneous injections of penicillin than mice and rabbits. 
However, since the penicillin available was relativelj’- impure, it was 
possible that contaminating substances present were more toxic for the 
guinea pig than for the rabbit or the mouse. 

In an attempt to determine whether further purification by different 
methods would alter the toxicity of penicillin for guinea pigs, 3 prepara- 
tions of high potency were given subcutaneously over a period of 
several days. The amounts of preparations M591 (400 F.U. per mg.) 
and A872 (250 F.U. per mg.) were sufficient for only one animal on each 
preparation, and were given in 7 doses dailjL Preparation M868 
(1068 F.U. per mg.) was given 3 times daily. The experiment is sum- 
marized in Table 3. 


Ta 81.15 3. — Toxicity for Guinea Pigs of Repeated Subcutaneous Doses or 
More Highly Purified Penicillin 


Animnl 

wt. 

Penicillin 

Single 

dose 

Penicillin 
per kg. 

Total 

dose 


(gm.) 

preparation 

F.U. 

per day 

given 

Result 

No. 103 

260 

M591 

400 F.U./mg. 

400 

changed to 
200 

on 3d day 

11,500 F.U. 
26 mg. 
5.600 F.U. 

7,000 F.U. 
17 mg. 

Moribund; killed on 
4th day 

No. 104 

250 

A872 

250 F.U./mg. 

500 

changed to 
250 

on 3d day 

14.000 F.U. 

56 mg. 
7,000 F.U. 

8,750 F.U. 
35 mg. 

Died on 4th day 

No. 295 

240 

M868 

10G8 F.U./mg. 

550 

7,000 F.U. 
0.5 mg. 

11,000 F.U. 
10.3 mg. 

Sick 3d and 4th day; 
recovered; marked 
local irritation 

No. 290 

330 

ti 

750 

7,000 F.U. 
6.5 mg. 

7,050 F.U. 
G.G mg. 

Died on 4th day 

No. 297 

355 

it 

800 

7,000 F.U. 
6.5 mg. 

14.400 F.U. 
13.4 mg. 

Died on 7th day 

No. 298 

310 

it 

700 

7,000 F.U. 
6.5 mg. 

14,000 F.U. 
13.1 mg. 

Sick 3d and 4th days; 
recovered; marked 
local irritation 

No. 299 

205 

it 

850 

7,000 F.U. 
6.5 mg. 

10.200 F.U. 
9.5 mg. 

Moribund; killed on 
4th day 


Onlj’- the higher potency material (M868) showed any decrease in 
toxicity. Two out of 5 guinea pigs given this preparation became sick 
on the 3d day, but by the 6th day were improving and ultimately 
survived. Because of the small number of animals used, these results 
may be due to chance alone, but it is also possible that this does indicate 
a decrease in toxicity with increased purification. Further experiments 
with highly purified material will be necessary to decide this point. 
The fact remains that even with a 10-fold increase in purity, penicillin 
was still toxic for guinea pigs. 

For further comparative data on guinea pigs, mice and rabbits, a 
more extensive experiment was carried out in which difi'erent doses of 
penicillin were given subcutaneously over a period of several days, 
borne of these animals were those which had survived a single dose 
mtravcnously. Subcutaneous injections were begun 24 hours after the 
intravenous dose. In an attempt to produce toxic reactions in mice and 
rabbits similar to those seen in guinea pigs, 2 rabbits (Xos. 3, 4) and 

mice were given doses 5 to 7 times greater per kilogram than the 
dose which produced toxic reactions in guinea pigs. All animals 
ret'eived the same preparation of penicillin (Table 4). 
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Tabix 4.— Toxicm- or IXnvr^Krzo SuBcirrAxrors nr rKNirnns mi; 

Pig?, Mick axb I^MiniTs 

(Penicillin I^t Xo. 2740-1 ContaininK IH) F.r. nic., Oivm n T\uu^> l)Aily. 



Wt. 

(pm.) 

Single 

I'.r, 



Animal 

Guinea pig: 

dose 

K.r. 

[‘or kg. 
I>er day 

'I'otal anio'int 
given r.r. 



No, 179* . , 

So. ISO* . . 

No. 181* . . 

12 mice* . 

, . 213 

. 194 

. 174 

. . 20 

500 

.>00 

.700 

KMI 

7,000 

7.7(X1 

s.r4>i 

!5.0(H> 

2,(^vi 

4.00<i 

2.5fHJ 

l)i''*l 5th di\ 

Ill'll 2d da^ 

Ihed 3.1 liu 

No A**. 






S d >N ' !r»'i!r. ’ 

<» mice . 

Hi 

220 

41.250 

0, 1 1^4 1 

kilfi'd ('n d\' 

No rraef,*/ r; 

9 d i\ n irv jtn'".! 

Rabbit; 





on 9lh di ‘ 

No. 3* . . 

. 78f> 

12.220 

47.0<KJ 

143.K.*.7 

No rr af;.. 



rhange<l to 



7 i\\\ < tm»r 



3.375 

15.(K>n 


kilhil o!; 9th d i' 

No. 4 . . . 


on 4th dav 



. 710 

14,200 ‘ 

ca.o^H) 

2fKI.00ii 

No afv 



cluinged to 



T ila" tfrttr-,^* ♦ 



3,375 
on 4th day 

10,000 


k>l!r.! 9-d. 


♦ JfecTablel for pri'viou^ trratrni^nt of tl»f-r animals. wi-tr iK-pnn^M |V»! '-♦* 


The mice showed no reaction, the j^uinca pifrs lost wei^lit and dit^d. 
and the rabbits lost weight during the first part of the treatment 
period, but regained this loss during the latter j)art. 'rhis retrain in 
weight was probably due to the reduction in dose of penif'illin mn'— 
sitated by lack of material. However, extreme caution is neecs'^arv 
in evaluation of loss of weight in relation to toxicity bef’au.-e of tin- 
possible role of chronic pneumonia or t*oeeidiosis whieli o(‘<'iir all tiH» 
frequently among normal guinea pigs and rabbits. 

To exclude the possibility that toxicity is a property tiidy of th** 
penicillin prepared at Xew Bruiiswi(»k, a sami)le of penicillin from 
another source* was t(‘sted in guinea pigs. Treatment ami re^'uh*- ar»- 
given in "^IVible o. 


Tauck 5. -'Toxicity ok StTn-!'T\Ni:rii - I).!**!-* nr Mri;»*K i 

ClfiNiH PniH 



(PrC'pamtinri 

CVintaininp 

i.v) r.r. rug. 

. fljvi-n o 'Finu 

^ Dulv'i 


Wi. 


r.r. 

I»er kr 

'l,.».d nm-y.M 


Guinea pig 

<gm-) 

r.i'. 

\'*-r d>' 

g.ven f' C' 


No. 187 

. 21v3 

r/Y) 

7910 

.V • 4 1 

D.r.J . r. VI. 

No. 18S . 

. 2tC 

.Vki 

72’ * > 

75j in 

I> ^d f 7*’ 

No. 1S‘» . 

. . . 21S 



7.V*> 

n.-i. '•». 

No. IW . 

. . . 2t<) 

tV»‘. 

72* >9 


.*' * * !l . k 1 " ' d 

No. 191 . 


»i55 

7J1 m 

7*>w» 

i> -d .n e‘. 


SinCA‘ 4 out of a of the animals dierl and tin- oth»-r r. I » 

killed, it was conelude<l tliat the toxic jirf^jH-rty of {M-nicillin i* r.' 
confined to our j)rep:irations. 

Guinea pigs are unique among the c-ommon lalioratory animal' 
their inability to syntlua'i/o vitaitiin "I hi'- fact nfid tie* P' 'df ^ 
our experiments on toxicity id n-jK-atral do-^-^ of [)nnir 5 !lin for gtnrj- 
pigs sugges^ted that there might bo rotne ii.rue-otem y f. ^ ^ 
inetaboiism of vitamin ami p nioillin to\o iry. All gjfir;* .*. f»'.* 


• Wr nrr ' 
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an amyl aci'tAt^ 
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fed a balanced diet with liberal amounts of greens, and no gross evidence 
of scurvy was ever found in those djdng of penicillin toxicity. How- 
ever, in view of the reports tliat certain organic compounds caused an 
increase in the excretion of vitamin C in the rat and that administration 
of large amounts of vitamin C had a detoxifying action on benzene, lead 
and arsenic compounds, and on some of the bacterial toxins (see 
Rosenberg’s monograph^^ and the review of Gyorgi®) it was decided to 
investigate the role of vitamin C in penicillin toxicity in guinea pigs.* 

In one experiment, a group of 4 guinea pigs on a vitamin C deficient 
diet^ was given 10 mg. of sodium ascorbate subcutaneously daily for 
3 days before penicillin treatment, but none during such treatment. 
Another group of 4 on a vitamin C deficient diet were given 10 rag. of 
sodium ascorbate subcutaneouslj^ daily for 3 days prior to and during 
penicillin treatment, and a third group on regular diet with a liberal 
amount of greens were given no sodium ascorbate, Se\'en thousand 
F.U. of penicillin (134 F.U. per mg.) per kg. per day were given sub- 
cutaneously in 3 doses daily. At the time of death pieces of liver and 
the adrenals were weighed and placed in 5% metaphosphoric acid for 
determinations of ascorbic acid. The results are shown in Table 6. 


Table 6. 

—The 

Effect of Vitamin C on the 

Toxicity for 

Guinea Pigs of 



Repeated Subcutaneous Doses of Penicillin 

(7000 F.U. /kg. per Day of Penicillin M869 [134 F.U. /mg.], Given 3 Times Daily) 




Time of death 





after penicillin 

Ascorbic acid content 




treatment 





began 

Liver Adrenals 

Guinea piR 

Wt. 

Vitamin C treatment 

(day) 

(mg./gm.) (mg./gm.) 

No, 300 

203 

10 mg. sodium ascorbate SC 

2d 

0.061 0.23 

No. 301 

237 

daily for 3 days before peni- 

7th 


No. 302 

284 

cillin treatment; no further 

8th 


No. 303 

270 

vitamin C 

. .5th 


No. 301 

245 

10 mg. sodium ascorbate SC 

3d 


No. 305 

230 

daily for 3 days prior to and 

Sth 


No. 300 

237 

during penicillin treatment 

J2th 


No. 307 

234 


3d 

0.15 47 

No. 308 

247 

No sodium ascorbate; greens 

Sur\dved 


No. 300 

272 

included in diet 

6th 


No. 310 

224 


3d 

0.037 0.08.3 

No. 31 1 

207 


6th 


No. 312 

220 

100 mg. sodium ascorbate for 

3d 


No. 313 

253 

3 days prior to and during 

4th 

0.48 0.84 

aNo. 

234 

penicillin treatment* 

3d 


No. 3ir, 

230 

No sodium n.'^corbate; greens 

4 th 


No. 330 

303 

included in diet* 

2d 


No, 317 



6th 


♦ On the 

2d day 

of penicillin treatment prejiaration 

20114, containing 

00 K.U./mg., replared 

preparation M8G0. 





Although 10 mg. of sodium ascorbate a day was about 5 times the dos<“ 
necessary to prevent scurvy and raised the ascorbic acid content of the 
liver and adrenals about 5 times over that of guinea pigs fed the regular 
laboratory diet, it did not protect the guinea pigs from the to.xic action 
of the penicillin. 

In another experiment, 3 guinea pigs on a ^•itamin C deficient diet 
Were given 100 mg. of sodium ascorbate daily for 3 days prior to and 

* •■'rt' iiuU'btod to Dr. L;i.“lo Kajdi of tiio Dppurtment of Pediatrio, TJie 

Hopkins Hospital. Baltimore, for supRcstinr: that vitamin C inicht Ik‘ eonnertod with 
peniciliin toxicity in pninea pics and for the assays of ascorbic acid. 
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during penicillin treatment, and 3 guinea pig> on regular diet with 
greens were^given no sodium ascorbate. IVniciDin was gi\‘en in (hr 
usual way (7000 F.U. per kg, per day). Two preparations wore u^n} 
one containing 134 F.U. per mg., tlic otJier, 99 F.U. per mg. At the 
time of deatli, liver and adrenals were taken for ascxirbic acid a.\<av 
(Table 6) and sections were made of the costochondral junctions, tliV 
head of the tibia, and the lower jaw for detection of suhn'linktil scurvy. 
Study of tliese microscopic preparations revealed no abnornialitlcs. 
Since all but one of the ^linea pigs in both experiments dic<k in spitr 
of the massive doses of vitamin C, it was ainchuied tliat vitatnin V 
does not have a protective action on peniciilin toxicity. 

Pathologic Findings. Since the lesions found in each spcchs 
animals, regardless of dose of penicillin given, were approximately ilic 
same, the pathologic findings will lie discussed together, 

Guike.a Pigs. No lesions were seen in the gross or inicrosc'oj/ically 
in the central nervous system, lung (with tlie exception iu)te<l below), 
spleen, lymph nodes, intestine, pancreas, kidney, adrenal, goiunb or 
voluntary muscle except M'hcn the latter was subjawnt to tlic site ot 
inoculation. 

Heart. In 12 instances, this organ was normal, but in 3 {CuW 
181 and 290) there were lesions in the wall of the left viuilricle 
ing of necrosis of several muscle fibers and surrounding infiltration with 
monocytes and a few polymorphonuclear t‘ells. 

Site of hwoihiion. In tlie gross, the area was edi^mntous and yrllow* 
red in color when compared to normal snbentaneons tissue*. 

^Microscopically tlic picture was one of edema of the suhcutaiuim' 
tissue and infiltration, of greater (»r lesser degree, of this tisMir with 
monocyte^s and .some polyrnoruielear lenko<ytes (Fig. 3). In 
majority of cases the damage extended into the siibjafvnt vohmtar. 
muscles. ^lusele fibers in varWng degrees of destruction and 
cylosis were scon and there was considerable infiltration of n! (hr 


same type as seen in the subciiUmeons tissue. 

In I case penicillin was aceidentaliy ndministertxi into tin* [tur^' 
tlic tracliea. widesjwcad acute pnemnonie consolidation and 
ous pleurisy result<*<l. 

JaVrr. Foci of necrosis, often of et)nsidcrahl<» si/e, were 
many of the iniinca pigs given jieniiallin. However, altlionch h' 
flamagc was frorjiiently ob-erv(*tI, its imiHirtnruv in atwn 

seemed questionabli* and an exhaii-iive scareh wa.n uuul** for “lU'J 
lesions in apparently normal animals. Six guinea pig^ from o. ' 
two sources from whicli the exfvTirnenta! aninud> wrp* obtaine d. ‘ • 
killed and t) pl(*n*s of liver taken fnun e:\,e\i animal iy* “ ^ 
were present in 2 out of the animal- in om^ group and in 
the other group. In additifui v 

I animal in each grotip. 

Uumrrs. No hs^hui' w^ refmmd in t}eM*»‘ntrnI 
<p!ct-ii. lymph [.nn'T.-ri-. liv.-r, khin-y. 

viihintan- rmi-cfe. 




(i 



0/ nbrosis oon ^"°n orirf j 
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subjacent voluntary muscle fibers was considorablv more cxteiiMv, 

(Fig. 1). ^ ■ ■ 

Mice. Xo lesions were found in the gross or microsai{)ically iti thr 
central nervous system, lung, spleen, liver, lymph nodes, ititts-tinr. 
pancreas, kidney, adrenal, gonads, heart or voluntary muscle. 

Site of Inocvlatioti. In the gross the .sui)cutanc‘oiis tissue was \( r\ 
edematous but only slightly blood-tinged. Micros«)i)icaily. there \mi> 
considerable edema of the stihcutanc-ous tissue. While the'cvll infiltra- 
tion was of the sanie type as that noted in the guinea jiigs and rahhit-., 
it was less in degree in all mice e.xamincd (Fig. -1). Destnietion of tin- 
voluntary muscle fibers and surrounding cell infiltration was about tin- 
same as in the guinea pigs. 

In the foregoing experiments evidence has been i)ri-sented that tin- 
penicillin preparations used in this investigation were toxic for gnim-a 
pigs. However, the doses given to demonstrate this toxieity have lu-f!i 
larger, in every case, than those given to man in present ( linieal studii--. 
Therefore, 3 guinea pigs (227, 228, 220) were given lOOO I-M'. j)er U'. 
per day (approximately the dose given to man) in 3 sul)cutan('oiN liov- 
daily for 20 days. During this time their weights varied. l>iit tin- 
general trend was toward gain rather than lo.-^s. 'I'hey exhil)itt'^l no 
.signs of illne.ss e.\cept subeutancous edema at the site of injection. Ha 
the 21st day, all pigs were killed and sections taken for study. 

All inoculations had been made in the .same general area, and tln-ri-- 
fore, as might be e.xpccted from the results outlined abo\ e. at aiitopy 
the site of inoculation presented a picture of intense inflammation, 
both acute and chronic. Edema and fresh and <dder h(-morrliao(-. ut-n- 
frequent. There was infiltration of polymorf)liomielear Icnkoi-yto and 
some monocytes and destruction of muscle fibers (Fig. o). In addiliori. 
there were large numbers of fibroblasts and some fibroeyte- and ti'-.-. b 
formed capilliirics (Fig. 2). 

In the li\-er of 1 out of the animals, nimn-roii' foci of tin- 


discussed above were found. . 

Discussion. In the literature, rejatrls of (-XJ)erinn-nt^ in "lii' li am- 
inals have been given a single intravc-iioiis rlo'C- of pi-tiii-illin b:t\ >■ -ho'-, r. 
that its acute toxicity is very low. >Sin(-e peniciilin i- not a pun- -'do 
stance and prei)arations vary in j)ot(-ncy. the exa(-t toxic do i- lit- C"' 
l)een established. Obviotisly the ass;iy of toxh-ity -.bould fw b.i-'-d ot 
F lorey units tis well as milligrams of 'uiistance givi-n. For wiiit»- im- > . 
we found the lethal intraveiion-. do-e to be about fi'l.OKi f-.l , f! gu' 
l)er kg. using a jtrejtaration containing f'-l b.l . p*-r mg.. f>ut in itn-'-n- 
exjKTiment''’ u.-itig more highly purili'-d material I'.l . f-r r.uy 

F.U. ]K-r kg. (-ati'crl only a -fight n-aefioti. .\!ir;di.im, < n-ci- 
FletViier, Florey. fJartlncr. Hcatb-y and .I.-nning-' re[K,rt.-d o-y 

dose as .about F.!'. (1 gm.) p'-r l.g.. l-ut uii-n m-r- 

purifiefl preparation- were Ih.rey .and der.rnng-' ga-. o me > ^ 

F r fl gm.l ft'-r kg. intravenon-Iy, uitbotit ili an-, t.o cr ■- 

found that d,.-c- of F.F. p.-r kg., or ly-I-v. y..-:*- 'y;‘ 

when giv»-n intr.avi-iioiiAy to m;.---. 1 tn-o ‘ ... 

ti(.ri r.'-movc- -otm- o' tic- sub-tam.-- oc t;u- .-u 
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'I'OXICITV OF FKNK.'ILLhV FOR CLINICAL USF <)Ol 

Very little data have been given on toxicity for other anunalsd’*'* In 
oiir experiments 111,000 F.U. (1,2 gm.) per kg. was a lethal dose for 
rabbits and 75,000 F.U. (0.8 gm.) per kg, killed guinea pigs when given 
intravenously. In experiments reported in the literature usually no 
mention is made of the numbers of animals used, and in our experiments 
only small numbers were given anj'' one dose because of lack of sufficient 
material for large scale experiments. 

When penicillin was given subcutaneously over a period of several 
days or weeks to mice, rabbits and guinea pigs, the picture was altered. 
All animals showed a severe reaction at the site of injection. Edema 
of the subcutaneous tissue, infiltration of monocytes and polymorpho- 
nuclear leukocytes, and destruction of subjacent voluntary muscle were 
found in all animals, and in the rabbits and 3 of the guinea pigs there 
were hemorrhages. Other than this, the mice and rabbits tolerated 
the penicillin injections well. These results are in agreement with 
those of Robinson*'^ who found that doses below 192,000 F.U. per kg. 
per day given in several subcutaneous injections daily for 5 days to 
mice were not toxic. In the guinea pigs, howe\'er, prolonged sul)- 
(mtaneous injections of penicillin prepared at different places and by 
different methods caused death. 

Until penicillin is prepared in a chemically pure state, it will not be 
possible to determine whether or not contaminating substances are 
responsible for all of the toxicity of penicillin preparations. None of 
the preparations tested in these experiments were non-toxic, even a 
preparation liaving a 10-fold increase in purity was still toxic although 
it failed to kill all of the guinea pigs injected. It is possible that 
further purification will remove all of the toxic substances. However, 
it should be stressed that the penicillin preparations used were all as 
pure as, and in many cases purer than those at present in use in human 
treatment, and some were actually used in such treatment. 

The fact that present preparations are toxic for guinea pigs when 
given subcutaneously does not mean that penicillin is toxic for man. 
When treated with the same dose of penicillin per kg. as that given to 
man, guinea pigs did not die and, in fact, failed to show any signs of 
toxicity. Howe\mr, it is suggested that chronic toxicity for man be 
borne in mind and that care be taken to administer penicillin in several 
widely se{)arated places when given subcutaneously or intramus- 
cularly.* 

Summary. ]. The acute to.xicity of penicillin for mice, guinea pigsand 
rabbits was low; about 100,000 F.U. (1 gm.) per kg., given intra- 
venously, caused a sex'ere reaction and death. 

2. Seven thousand to 12,000 F.U. per kg. per day of jjenicillin, as 
prepared for clinical use, given subcutaneously over a period of several 
day.s caused death of guinea pigs, but not of mice or rabbits. However, 

* la Ins expenenre with the clinical U50of poaioillm Dr. Chester S. Koefor Im? found 
jnat, wlion Riven intitimuscularly, penicillin dR«olved in solution docs not caii?c any 
local siirns of irritation or any discomfort. When pivon subaitanoou,'*Iy and di.*5olvcd 
ni distilled water mther than salt solution, penicillin may produce some local irritatinp 
<'n‘oct, althouph tlii.*? has not been severe enoiiph to rai>e anv problem. (Personal 
<^Mnm«nic;\tion.^ 
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a dose approximately that used dijiically (1600 I'.C. por kt: ) civr' 
subcutaneously for 20 days did not kill gtihica pigs. 

3. All animals given penicillin subcutaneously showed a se\)Tc 
reaction at the site of injection. 

4. Seven samples of penicillin prepared by difi’erenf in two 

different places were toxic when given subcutaneously to guinea pic' 
for several days. 

5. Larp doses of sodium ascorbate did not i)r(»teet guinea j)ig> from 
the to.vicity of repeated subcutaneous doses of penicillin. 
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DISSEMINATED NECROTIZING VASCTJLARITIS— THE TOXIC 
ORIGIN OF PERIARTERITIS NODOSA 

Bv MAii.^n IMcCai.l, Muon, M.r. 


.foiEV WEVTIinOI* PkSSOCK, yiKSOH, 'M.i'. 

WHITE W. 
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Subsequently by microscopic study. Contrary to recently expressed 
opinions we have been unable to correlate these vascular lesions with 
preceding sulfonamide therapy. 

Etiology. On reviewing the literature one is impressed with the fre- 
quency with which allergy has been alluded to as a causative factor in 
disseminated vascular disease. Clark and Kaplan'* have reported 
2 patients who died following intravenous antipneumococcus serum'. 
They found widespread vascular lesions which they thought were sug- 
gestive of periarteritis nodosa. Rich^“ recently demonstrated a small 
group of patients whose lesions were those of widespread vascularitis 
which occurred subsequent to the ingestion of one of the sulfonamides, 
orfollowed administration of serum. He implied that the arterial lesions 
were due to an “anaphylactic type of hypersensitive reaction” and 
^ has produced similar lesions in experimental animals. 

Considerable attention has been given to the possible relationship of 
this disease to rheumatic fever. Ophuls*® in 1923 felt that his patients 
had had subacute rheumatic manifestations as a prelude to their vascu- 
lar problem. Friedberg and Gross,® and SpiegeP" reported a group 
that showed Aschoff bodies in the myocardium. However, ^"on 
Glahn and Pappenheimer^'* showed in their studies of rheumatic arter- 
itis that the lesions were distinctly different from those seen in peri- 
arteritis nodosa. We have been unable to demonstrate Aschoff bodies 
in a single patient. On the other hand there were 2 instances showing 
involvement of the mitral or tricuspid leaflets. An infectious etiology 
of the disease has many adherents, notably Klotz*“ and Lamb.*'* Arkin* 
believes that the disease is a definite clinical entity probably due to a 
'’irus, but no definite virus studies have been made. We have been 
unable to demonstrate any infectious agent in the blood, or in the 
vessel walls. Gruber® believed that the arterial lesions were due to a 
peculiar hyperergic reaction resulting from a variety of infectious 
agejits. Generalized inflammation with local necrosis has been de- 
scribed involving the small arteries as a residue of diphtheria, influenza, 
scarlet fever, Gqjhus fever, and a variety of chronic suppurative 
diseases. 

Visceral Lesions. The visceral lesions of vascularitis lend themselves 
to a ready description and classification under the microscope, but 
clinically diagnostic errors may be made, due to the puzzling combina- 
tions of symptoms which may present. Hematuria may suggest renal 
neoplasm. Abdominal complaints may lead to exploratory laparot- 
omy. Chest symptoms arc identical to those associated with pneu- 
inonia or pulmonary infarction. A better comprehension of di.ssem- 
uinted vascularitis is obtained when a brief synthesis of these visceral 
lesions is made in the light of their pathologic similitude. 

The Kkhwy. Impairment of renal functioning tissue was the most 
*’****stuut feature of this syndrome. All of our patients revealed wide- 
spread kidney lesions. This is comparai)le to Arkin's* group which 
showed an incidence of 80% renal involvement. Gruber’’' has classified 
these lesions as active and passive. The active lesions are the earlier 
ones, being initiated possil)ly by a hyperergic reaction on the part of 

VOU cor., N-O. sovuvni;n. 24 
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the renal vessels. The later k^sions include aneurysm, infarction. at:4 
tubular atrophy. (Fip. 1.) In our pnuip tlierc v*as m apparent oc- 
relation bctv\'een the extent of the kidney k^sion and the de*:nr of 
nitrogen retention. The cliaracter of the hypertension \vi\< wot nnnnj.d 
except that it was a terminal affair with of tht*st' patients. 

The Liver nnd Gall Bladder, There was heputie involvement iti 
every case. Jaundice was not evident in a sinj:le instamr, J'hrrr 
were small areas of infarction with necrosis and siilu'ajrsular heinnr' 
rbage, as well as he{>atic and eliolccystif' tlwomho'^cs with marko! 
lymphocytic and plasma cell infiltration, ('irrhods of the liver 
not demonstrable. 

The Pancreas, In all i)atients the ])ancTeatic ve>sels showtsi lyinphi^ 
cytic and plasma cell infiltration with intimal thickoniiu: of tfie MiudI 
vessels, accompanied by infarctions. 



Tk;. 1.— Thrnrn^io-'i’' of ‘•rvrnil ft-nrU i’* vsirft *• 

(f! ninl f* 
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Eia. 2. — T)ie splenic vessels show moderate intimal and medial proliferation with partial 


tluombosis. (H and E stain,) X 100, 



I’Kj. 3. — This scctioti is from an adrenal ve>scl. TIjcrc is some fibrinoid rhange. 
he ves>i(>] wall reveals many idasina colls, polvs. and a few Ivmpbocvtes. (H and E 
’•tanu) X UK). 
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veins , and arteries. The appendix of 1 patient showed a localized 
abscess with gangrene, due to thrombosis of the appendiceal artery. 
Obliterative arteritis involved many of the smaller intestinal vessels, 
and the main gastric artery was largely occluded in 1 instance. 

Cardiovascular Lesions. InAmlvement of the myocardium and the 
endocardium was frequently demonstrable. One section of a heart 
taken through the tricuspid valve re^’^ealed the presence of a diffuse 
process. (Fig. 4.) There was an area of necrosis beneath the endo- 
cardium almost perforating it in many places. These areas of necrosis 
were characterized by great numbers of polymorphonuclear cells, some 
plasma cells, and a few monocytes. The eosinophil was not prominent. 
The endocardial surface of the ventricle and auricle was rarely involved. 
One coronary artery was almost completely occluded by thrombus 
formation (Fig. 5). The artery wall was edematous, thickened, and 



FiO; G.— This vessel from the lung shows complete thrombosis of the vessel with early 
necrosis. (H and E stain.) X 100. 

infiltrated by monocytes and polymorphonuclear cells. There was 
marked intimal hyperplasia. The muscle bundles were widely sepa- 
rated in a few sections with a diffuse infiltration of monocytes and 
plasma cells. Aschoff formation was not noted in any of these sections. 

The Lnng. The lung sections showed marked congestion, and the 
vessel walls were slightly thickened. Numerous bronchi were filled 
with fibrin, erythrocytes and some polymorphonuclear cells. The 
bronchial walls were frequently infiltrated with these cells giving evi- 
dence of l)ronehopneiunonia (Fig. (>). 

Discussion. It seems perfectly clear that the pathologic lesions herein 
described show marked similarity, so much so that we believe thc.se 
arterial lesions point to a disease of the blood-vessels, due cither to a 
specific bacterial agent, or a specific vascular reaction to some unidenti- 
fied toxin or other harmful mechanism. 

That the sulfonamides might produce these vascular lesions is 
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implied by Rich=® as all of his patients had been given sulfonamide, 
antipneumococcus serum, or both. The lesions demonstrated so well 
by our sections are largely old, and it is untenable that the pathologv 
could have developed during the acute terminal illness. Furthermore, 
only 4 of these patients had received sulfonamide therapy during the 
course of or preceding their terminal illness. 

In searching for some common etiologic denominator we sought for 
a history of serum sickness, urticaria, and asthma. None oh these 
conditions had played a part in the previous history of a single patient. 
Five had had frequent upper respiratory infections. Two soldiers had 
a history of rheumatic fever in early childhood. We do not know just 
what part these earlier infections played in the causation of this disease. 
The uniformity of the arterial damage has suggested a specific bacterial 
agent or specific vascular reaction to this agent. This idea has many 
early adherents, including Klotz,‘= Lamb** and Longcope.*® Harris 
and Friedrichs*' and ^’^on Hann-“ were able to produce similar arterial 
lesions by injecting rabbits with bacterial products but these reports 
of experimental reproduction of the disease have not been universally 
accepted. Streptococci have occasionally been identified after direct 
culture of the arterial lesions, but our postmortem cultures of the 
vessels have proven to be sterile. The rich hmiphatic system of the 
mediastinal vessels and those of the celiac axis should readily permit 
the entrance of infectious agents. It is thought that the bacteria enter 
the vessel walls through the vasa -i'asorum. This is demonstrated by 
the focal inflammatory reaction so often found in the myocardium 
during the course of acute rheumatic fe\’er. This iin'olvement of the 
lymphatic channels and nutrient vessels would readily damage the 
invaded organ. 

Gruber" contended that periarteritis nodosa is due to a specific 
reaction occurring in previously sensitized vessels following the wake 
of a variety of infectious agents. The sensitizing infection need not 
be a severe one, but it ma^■ follow rheumatic fever, typhus fever, 
gonorrhea, furunculosis, and a variety of purulent infections. Since 
no bacteria were found after culture of these vascular lesions w 
believe that these widespread visceral lesions ha\’e a non-specific toxic 
origin. This view is further corroborated by Baehr," wlio has .shown 
early perivascular infiltration and the late stages of thrombosis witli 
aneurysmal dilatation in the same patient. 

Surmnary. Widespread necrotizing arteritis is herewith described in 
a series of autopsies. There was no history of sulfonamide scnsiti\-ity 
or serum sickness in these patients. Sulfonamide therapy was used 
in the terminal illness. The vascular lesions were widespread, and 
are considered to be a specific reaction of blood-vessels prc\'inusiy sen- 
sitized by some non-specific toxin. 
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EFFECTS OF LARGE DOSES OF A VITAMIN A CONCENTRATE IN 
NORMAL AND HYPERTENSIVE PATIENTS* 

By R. D. Taylor, M.D. 

A. C. (’OHCOKAN*, M.D. 

.J. (’. Shrader, M.D. 

W. C\ Youn(l M.D. 

AND 

Irvine H. Pa(je, M.D. 

INDIANAPOLIS, IND. 

(From the Lilly Laboratoiy for Clinical Re.search, Indianapolis City Hospital) 

SuiiSTANCES containing vitamin A, such as the non-.saponifiablc 
I faction of butter, have been shown to increase urea and inulin clear- 
ances in normal dogs and in dogs deprived of dietary vitamin A;®-* 
to increase the rate of glomerular filtration. Similarly, large doses of 
concentrates of the vitamin increased urea clearance in human beings.® 
Although the increase in inulin clearance specifies the change as one 
associated with increased rate of glomerular filtration, the mechanism 
of its increase remained unknown and it is part of the purpose of this 
study to determine its nature. It is also part of our purpose to examine 
critically the eft'ect of large doses of a vitamin A concentrate in e.sscn- 
tial hypertension, since Govea, Pena and Villa verde” '® have recom- 
mended the use of the vitamin in this disease. In the first of these 
repwts (1940) it is stated that, “of 65 cases, only 4 failed to show an 
impressive hypotensive effect,” these being 4 cases of malignant 
hypertension with advanced renal lesions who, neverthele.ss, showed 

^ Reported in n1>5ln\et, Ceutml Society CUniral Research, 16, 73, 1942. 



boU TAYLOK, CORCORAN, SHRADER, YOUNG, PAGE: 

symptomatic improvement. In their second paper (1941) it is stated 
that of 100 patients treated, treatment was brilliantly successful in 
25%, more or less noticeably effective in 50% and of no value in 25%. 
In an unstated number of patients the vitamin was gi\’en intramuscu- 
larly in oil with resultant local irritation, while in others it was given 
orally from the start, the doses used being 100,000 to 200,000 units 
initially, followed by a maintenance dose of half this amount. It is 
unfortunate that a report which promises so much in so important a 
disease should, by the absence of protocols which would establish the 
adequacy of the observations, fail to carry conviction. While our 
present study was in progress, Wakerlin, i\ioss and Smith-^ reported 
on the antipressor action of preparations containing vitamin A when 
fed dogs with experimental renal hypertension, an observation which 
gives additional interest to our clinical report. 


Methods. The patients studied included 2 normal females, 1, othenvise 
normal, suffering from obesity, 14 patients suffering from essential In^ertcu- 
sion and 1 in whom the disease was of malignant type. Ail had been pre- 
viously' observed in this clinic for months or years, so that chance variations 
in the levels of blood pressure and renal function were excluded as far as 
possible. Further, the enthusiastic (and frequently disappointing) subjective 
responses of man 3 '' newty observed h 3 ''pertensive patients to new regimes and 
new physicians were ob^^ated b 3 '' continuity of observation. 

Measurements of blood pressure were made weekl 3 % bi-weekb", or, in sonic, 
daib’’, in the prone position after 15 to 30 minutes rest in bed. The intensity 
of subjective complaints (headache, d 3 "spnea, emotional instabilit 3 ") v'as 
charted on an approximate^’’ standardized basis to which reference has been 
made elsewhere. 

Kenal functional changes were observed b 3 ’' determinations of diodrast and 
inulin plasma clearances and diodrast Tm^s in a manner subs tan tiallj" identical 
with that of Smith, Goldring and Chasis.^^ The plasma clearances and Tm^s 
were calculated from means of 3 collections of urine. Plasma and urine 
inulin were estimated b 3 ’' the method of Corcoran and Page.* Diodrast-iodinc 
was determined by a method which, in principle, consists of oxidizing diodrast- 
iodine in urine or plasma filtrates with bromine water, discharging the e.vccss 
bromine with sodium formate and measuring photocolorimetricalty iodatc- 
iodine in the manner described for this determination b 3 ^ Flo.x, Piteski and 

Al\dng.^ • 11 r • 

The changes of cardiac output were found ballistocardiographically ‘ m 
the manner described b 3 ’’ Ta 3 ’’Ior and Page.** * • a 

The vitamin A concentrate used in this stud 3 ', “AlphaliiP* (vitamin A, 
JAWy) was given oralb” in doses ranging from 100,000 to 400,000 units of the 
\itamin daib^ for periods of from 5 to 90 da 3 ’s. 


Results. The results of this stud3' may be considered first with 
reference to the clinical effect on arterial pressure and on the course of 
essential hypertension and, secondly, with regard to the effect.s of 
treatment on renal and cardiac function. . * r j f 

With regard to arterial pressure, treatment with vitamin A did not 
alter the mean blood pressure level or its range of variation in either 
normotensive or h>-pertensive subjects (Table 1). Tlie 
not result in any change in the complaints of those of the - 

patients presenting symptoms of their condition, nor, on tlie 
hand, in any untoward effect. 



Table L — Effect on Arterial Pressure of Treatment With Vitamin A Concentrate 

Arterial pressure 
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The effects on renal function \vere at once less consistent and more 
interesting than those on arterial pressure. The results of individual 
observations are tabulated in Table 2 and the net effects sninmarized 
in relation to dosage and duration of treatment in Table 3. Of 2 nor- 
motensive patients (Nos. 2 and 3) 1 (No. 2) shoved a modest increase 
in_ plasma diodrast clearance during treatment. In the 1 patient 
(No. 16) suffering from malignant hypertension, secretory tubular 
mass (Tmi,) had decreased after 13 days of treatment vithout cor- 
responding changes in the clearances of diodrast and inulin. On the 
28th day of treatment of this patient renal function liad greatly deterio- 
rated and the disease progressed inexorably to death in uremia. 


Table 2.— Effect ox Rexal Fuxctiox of Treatment M'ith Vitamin A 

COXCEXTR,\TE 


Patient 

No. 


Clearance (ec. per 
1.73 sq. m./min.) 


JO 


11 


12 


13 


U 


16 



m 

0 

0 

200 

0 

400 

0 

0 

0 

200 

0 

200 

200 

0 

0 

200 

0 

0 

200 

0 

400 

0 

0 

200 

200 

0 

0 

0 

0 

200 

200 

200 

0 

0 

200 

200 


344 

299 

S3l 

702 

350 

407 

462 

426 

636 

o34 

474 

oS9 

525 

590 

604 

456 

4S3 

436 

624 

694 
660 
671 

695 
354 
321 
606 
565 
679 
66S 
137 
143 

ES 


05 

$4 

192 

163 

383 

102 

lOS 

95 

S4 

312 

332 

87 

129 

121 

145 

144 

in 

120 

OS 

337 

330 

141 

385 

16.5 

63 

59 

124 

120 

115 

jor 

5^ 

54 

IT 


Filtration 
fraction 
O.tS 
0.37 
0 22 
0 19 
0.21 
0.31 
0.24 
0 36 
0 26 
0.26 
0 21 

0 28 
0.28 
0.23 
0 23 
0.33 
0.28 
0 22 
0.21 
0.20 
0 IS 
0.25 
O.JS 
0.22 
0.24 
0.25 
0 24 
0.24 
0.27 
0.22 
0 22 
0.39 
0 22 
0 27 
0.24 
0 IS 
0 18 
0 20 
0 21 
0 IT 
0 16 
0 39 
0.3S 
0.20 


Tmn (to?. 
diodrast 
iodine 
per 1.73 
fq. tn./niin.i 
31 0 
5.3 0 


58 t) 
39 4 


37 (I 


2) 9 

o<i ^ 

51 3 
57 6 

42 9 
37 0 

40 S 

43 0 


31 7 
42 9 
52 3 
46 S 


52 0-t- 
19 0 
55.0 
.'i3 6 
51 0 + 
6-5 5 
51 4 

23 9 

44 7 

46 5 
43 1 
10 2 
13 4 


Total 

protein 

fem./100 

cc.' 

8 0 
S.4 

0 3 

6 8 


Day before 
during or 
after 

treatment 
OB 
2SD 
32 A 
OB 
34 D 
OB 

14 D 

no A 
OB 
HD 
90 A 
OB 
5D 
3 A 
3SD 
28 A 

48 A 
OB 

39 D 
OB 

12 D 
38 D 

15 A 
OB 

23 A 
OB 
25 D 
OB 
28 D 
20 A 
OB 
6D 
31 D 
30A 
44 A 
OB 
OB 
16D 
33P 

49 D 
50A 

OB 

13 D 
2SD 

Patient Ko. as in Table U 
treatment vith vitamin A. Tm 

of 1.73 sq. m- per minute. - 

mrntttr Total nrotein « pla-tna t«»tal protein, gm. per 100 


6 6 


7.3 


7 3 


6 4 


7 I 
7 0 
8.3 
6 I 


6 9 

7 

7 1 

7 1 

7 0 

G 0 

5 4 


6 3 
6 1 


Hcmat. 

rr) 

34 

.38 

38 
as 
43 
45 
49 
.W 

39 

42 

36 

40 

40 

41 
39 
41 
a; 

47 

H 

41 

39 
.19 
.10 
41 

43 

38 
.18 
3S 

37 

40 
11 
<0 
59 

39 
.17 

44 

45 
17 
45 

40 


<5 
43 


B.P. 

fium. 

Hd 

92 

97 

I0.> 

105 

161 

158 

l.VI 

I6t 

ITS 

1.57 

154 
I.V1 
1.51 

14.1 

155 

156 
179 
164 
I6« 
158 
W 
135 

12.1 
131 

154 

140 

141 

155 
12‘' 

156 
1^2 
ih 

134 

1.76 

154 

Ml 

134 

Ml 

139 

167 

M7 

175 

159 

u: 

i» if!#' 


par of treatment indicated a^ 0 « rjntrol, B * before, D > _ 

Tmj> « Secretory tubular maj.v Clearances and Tmo eorrect-*! to 
in «• c! pli-m rirany" *n^ 
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Table 3.— Summaky or Ekfectw of Tkeatment With Vitamin A on Renal 
Function and Cardiac Output as Reiated to Dosage and 
Duration of Treatment 

Percentile changes from control 


I*atient 

No. 

Day of 
observa- 
tion 

Total dose 
U. X 10- 

Clearance 

Diodra«t Inulin 

Filtration 

fraction 

Tmu 

Cardiac 

output 

it 

5D 

10 

+ 19 

+ 13 

0 

0 

+ 1^ 

13 

0 D 

12 

+ 11 

-15 

-IG 

0 

+ 3 

5' 

14 D 

14 

+74 

+ 77 

0 

- 

-- 

3 

14 D 

14 

0 

0 

0 


— 

0 

12 D 

24 

0 

0 

. .0 

0 

- 9 

16 

13 D 

26 

0 

0 

0 

-16 

+ 10 

4 

14 D 

28 

+29 

0 

-23 



14 

16 D 

32 

+ 90 

+ 110 

+ 10 

+85 

+ 18 

11 

25 D 

50 

0 

0 

0 



13 

31 D 

02 

0 

0 

0 

(+20) 


14 

33 D 

66 

+ 70 

+ 104 

+ 10 

— 


7 

18 D 

72 

+ 51 

0 

-31 

+29 

+ 14 

9 

38 D 

76 

+ 39 

+ 1S 

-15 


--- 

8 

39 D 

78 

+36 

0 

-20 



14 

49 D 

98 

+ 110 

+ 96 

0 

+95 


10 

SOD 

100 

+24 

+48 

+20 

+ 3o 

+ 8 

2 

28 D 

112 

+ 15 

0 

0 

0 

+ 12 

12 

28 D 

112 

0 

+ 15 

+ 12 

0 

- 


Patient numbers and observation as in Tables 1 and 2. Accumulated total dosage 
of vitamin in 100,000's of units. The changes of diodrast and inulin clearances, filtra- 
tion fraction, Tmj), cardiac output (C.O.) and hematocrit index are recorded as per- 
con tile differences from control or (Patient 7) post-treatment levels. Differences of less 
than 10% in clearances or Tmu were considered negligible in the tabulation. A dash 
(~) indicates that no observation was made. The bracketed () observation of Tma 
in patient No. 13 was made 30 days after discontinuing treatment. 

Among the 10 patients suffering from essential liypertension, all 
i)ut 1 (No. 11) showed at one time or another increased clearances or 
tubular secretory mass. Diodrast clearance increased in S, inulin 
clearance in 6 and tubular secretory mass (TinD in 4 of 7 patients in 
whom observations were made. Because the increase in inulin clear- 
ance (rate of glomerular filtration) did not parallel the increase in 
plasma diodrast clearance (effective renal plasma flow), filtration 
fraction (ratio of inulin/diodrast plasma clearance) was unchanged in 3, 
increased in 2 and decreased in 5 patients. It is noteworthy that in 
3 patients (Nos, 7, 10 and 13) the maximum increase in Tin„ was 
observed after treatment with vitamin A had been discontinued 
respectively for 28, 21 and 30 days. 

Cardiac output as measured by the ballistoairdiograph was deter- 
Jnined in 1 normoteusive (No. 2) and 7 hypertensive subjects before 
HUd during treatment. Cardiac output increased in the normoten- 
sive daring treatment in association with an increase of plasma diodrast 
and inulin clearances of less than 10%. Among the hypertensives, 
cardiac output was unchanged in 1 (No. 13), although effective renal 
plasma flow had increased somewhat at the time of observation; in 
0 other hypertensives, it was decreased in 1 (No. 0) in whom clearances 
had not changed and was increased in 5. In 4 of these 5 the increased 
cardiac output was associated with increased renal plasma flow as 
uicasurcd by jflasma diodrast clearance. The increase of cardiac out- 
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put wthout increased renal plasma flow was recorded in tlie patient 
po. 16) suffering from malignant hypertension and liere note should 
be taken that the increased cardiac output was associated with mainte- 
nance of renal jilasma flow and filtration rate at control levels in spite 
of decreasing renal tubular secretory mass (Tm^), i. c., there had 
developed a relative increase in blood flow to residual functioning tissue. 
In all 6 subjects whose cardiac outputs increased during treatment, 
Ae increase was due to tachycardia and was not accompanied bv 
increased stroke volume. 

Discussion. Although the presumed antipressor effects of preparations 
containing vitamin A were attributed to the action of the vitamin,"-’* 
studies on the antipressor action of the vitamin in renal hypertensive 
dogs-® have indicated that the effect is not one of the I'itainin as such, 
since it does not develop after administration of the pro-\'itamin, 
carotene, but ratiier persists after destruction of the vitamin A by 
irradiation. Harrison, GroIIman and Williams® and Grollman and 
Harrison® have observed antipressor action of fish-oil concentrates in 
renal hj-pertensive rats which persists and may even be increased 
after destruction of the vitamin with CrOs or by irradiation. They 
have also demonstrated the antipressor ineffectiveness of the pro- 
vitamin (carotene) or of highly purified natural vitamin A concentrates. 
It therefore appears likely that whatever antipressor action prepara- 
tions of the vitamin may have in renal hypertension in animals is due 
to some substance associated with the vitamin in the materials admin- 
istered and not to the I'itamin itself. 


Our failure to observe antipressor effect in carefulli- studied cases of 
essential hj-pertension during the administration of large doses of the 
vitamin may be attributed to (a) the absence of the supposed anti- 
pressor substance which may accompany vitamin A in some concen- 
trates and not in others; (b) some possible difference in the mechanism 


of e.xperimental renal h.\’pertension in animals and essential hyperten- 
sion in man; (c) administration of insufficient quantities of the anti- 
pressor material or (d) accidental selection of refractory patients. 
However, considering these several possibilities, we note (n) to our 
best information the preparation of vitamin A used was of a type which 
should contain all that is present in many commercial preparations of 
the vitamin; (b) although their identity is not established, there are at 
least weighty analogies which link essential h\pertension in human 
beings with experimental renal hypertension in animals; (e) the dose 
of the vitamin given by Wakerlin, IMoss and .Smith®® was some 5 to lo 
times greater than we’have used in terms of unitage per kilo of bwly 
weight; (d) with 1 exception (So. 16) the patients suffered from rather 
mild and labile essential hypertension and should have shown im})rove- 
ment should such be possible with this method of treatment. It is 
therefore possible that our negative results as regards the effect ot 
vitamin A on blood pressure may be due to the use of amomiLs to|» 


those given 
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larger doses and for longer periods would be almost proliibitively expen- 
sive in clinical practice. Nevertheless, we are continuing this aspect 
of the study. 

The renal functional changes, viz., increased renal blood flow, glo- 
merular filtration rate and tubular secretory capacity' for diodrast are of 
special interest. As this stud}" was in progress, we were kindh" informed 
that similar renal effects were under observation in normal dogs fed 
vitamin A concentrates.^ The increased glomerular filtration rate ob- 
served by Herrin and Nicholes^-® is tlierefore evidently due to increased 
renal blood flow, although the cause of the renal h}"peremia is still not 
apparent. Filtration fraction, which measures the relative level of 
intragloraerular pressure, is slightl}' more often decreased than not 
during treatment, which suggests that the increased renal blood floAV 
is in part the result of efferent arteriolar vasodilation. But, since 
dilation of efferent arterioles at constant levels of arterial pressure and 
afferent resistance would result in increased blood flow without any 
change in filtration rate, it appears that with efferent ^"asodilation 
there developed a like change in the glomerular afferent arterioles, a 
view supported by calculation of our data according to the methods 
suggested by Lamport.^® The fact that the vitamin preparation causes 
renal vasodilation suggests that this propert}', if it affects arterioles 
throughout the body, may be responsible for the antipressor effects 
observed experimentally in dogs arid rats. 

The increase in tubular capacity for diodrast secretion (Tm^) was 
ob.served in patients treated with large doses and o\"er long periods. 
In 3 of these it seems to have reached its peak after the vitamin had 
been discontinued and, in the 2 cases (Nos. 7 and 10) who had shown 
increased renal flow, after renal h}'peremia had subsided. The increase 
in secretory capacity may represent either (a) an increase in the “con- 
centration ” of the h}"pothetical carrier substance responsible for trans- 
port of diodrast through the renal tubular cells or {b) an increase in 
cell mass. There is no evidence at hand to decide which factor pre- 
vails in this instance. The renotropic action of steroid hormones 
(reviewed editorially®) might bear on this decision were it not®’ that 
the increased secretory capacity provoked in dogs b}' administration 
of large doses of testosterone is not associated with concurrent changes 
in the rates either of renal plasma flow or of glomerular filtration, but 
is apparently due to local hypertrophy of the cells of the convoluted 
tubules.’® ’® The renotropic action of the steroid thus contrasts with 
that of the vitamin A preparation and the .suggestion is made that 
the effect wc observed ma}’ be the result of prolonged h}‘pcremia rather 
than a trophic action of the vitamin or some concomitant substance. 

The renal vasodilation which developed in most of our patients 
was not itself sufficient to cause a decrease in the level of arterial prc.s- 
sure, possibly because of the simultaneous increase in cardiac output. 
It is noteworthy that the increase in cardiac output under treatment 
with vitamin A is wholl}* the result of tachycardia, and thus resembles 
the effect of fever rather than the reduction of peripheral resistance 
occasioned in hypertensives In- treatment with antipressor renal 
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extracts.'^ The action of the vitamin was not associated with increasd 
oxygen consumption in 2 cases observed by Herrin and Nicholes/ 
Rather it appears that the cardiac action of the vitamin is a response 
to local renal vasodilation. 

Even in patient No. 16 (13th day of treatment) whose renal tubular 
mass decreased by 18% as the result of nephrosclerosis, concurrently 
the residual tubular mass was perfused by an increased volume of blood. 
The increase in cardiac output was thus again associated with renal 
vasodilation although effective renal blood flow had not increased. 

With regard finally to possible therapeutic use of preparations of 
the vitamin, the factor of cost of the large doses necessary to excite a 
renal response combines with its A'ariable effecti\'eness to suggest that 
further study is necessary before it or some derivative or concomitant 
present in the preparation can be recommended. A similar variation in 
effect was noted by Herrin and Nicholes® and found not to be correlated 
to the plasma levels of vitamin A. With reference to Jiypertension, 
the absence of antipressor effect in subjects who showed improvements 
in renal excretory- function is not surprising, since it is our view that 
the pressor and excretory aspects of renal function are distinct and, in 
large measure, independent/ The results do indicate that large doses 
of vitamin A may have therapeutic value in states of renal insufficiency 
and degeneration not primarily due to essential hypertension as, for 
instance, in Bright's disease. This aspect of its use is now under study. 

Summary. Administration of doses of a preparation of vitamin A 
in amounts ranging from 100,000 to 400,000 units daily for from 5 to 
90 days in 3 normotensive and 14 hypertensive patients did not alter 
the levels of arterial pressure. Observations of renal function in 
2 normotensive and 11 hypertensive patients revealed increased effec- 
tive renal blood flow in 9, increased glomerular filtration rate in 7 and 
increased tubular secretory capacity for diodrast (TiUp) in 4 of 7 hyper- 
tensive patients in whom this function was tested. The increase in 
effective renal blood flow was usually associated with increased cardiac 
output, the result of tachycardia and not of increased stroke volume. 

Conclusions. 1. Vitamin A concentrate is ineffective in the treat- 
ment of essential hypertension in doses of 100,000 to 400,000 units daily 
for from 5 to 90 days. 

2. The vitamin concentrate causes renal vasodilation and increased 
functional capacity for secretion of diodrast with increased cardiac 
output. The suggestion is made that it may have application in the 
treatment of degenerative renal diseases. 
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Since this manuscript was submitted a complete report b 5 ’^ Wakerlin and Moss (Proc. 
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THE MEDICAL USE OF THIOCYANATES IN THE TREATMENT OF 
ARTERIAL HYPERTENSION* 

By R. E. Forster, II, B.S. 

PHIL^ADELPHIA, PA. 

Review of Earlier Work. Although Claude Bernard^- in IS57» made the 
first report on tlie pharmacologic actions of thiocyanate by demonstrating' 
its depressant action on the animal heart, up to 192{) the majority of the 
experimental work on the medical use of thiocyanate was carried out in 
Germany. 

In tJiat country, Edinger^^ in 1900, as quoted by Nichols,®* treated 
satisfactorily a number of hypertensive patients with thiocyanate. Three 
years later, Pauli®^ got pleasing results in arteriosclerosis and hyperten- 
sion, and Westplial and Blum^ (1926) reported favonihlercsidtsm another 
large series of liypertensive patients. 

This last report stimulated investigators outside of Germany, among 
the most important of whom was Barker,^ wlio in 193{> utilized the method 
of Schreiber'’’* to measure the blood thiocyanate of patients under thio- 
cyanate therapy. He found that the blood level was the important cri- 
terion for effective therapeutic dosage and for the prevention of toxicity. 
In 1941, Griffitli rf described a micro method for determining blood 
thiocyanate levels, which considerably simplified the situatinnand he also 
suggested criteria for the selection of suitable patients.^^ 

The Pharmacologic Actions of Thiocyanate Related to Its Use in 
Arterial Hypertension 

A. Pharmacodynamic Actions. I. O.v thk CK.vruALNKKvorsSvsTLM. 
Sedation, Bernard** suggested and found a .sedative action by thiocyanate. 
Pauli®^ confirmed this and went on to try the drug on hvfiertensive mut 

* Submitted as a third-year paper w Pathoh^\ of rcnn^ylvanh 

School, Dcceniher. 1942. 
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nervous patients. Smith’® classed it as a mild hypnotic and sedative. 
Symptoms varying from drowsiness and weakness to psychoses are re- 
ported.iV’?'®®''*^'®^'’^'’® However, there is little mention of this soporific 
action in the most recent literature. Goodman®® ignores it completely 
and Nichols®* could find none, although he e.xpressively looked for it. 
Fineberg®® also found none. In parado.v, Bancroft’ suggests thiocyanate 
to counteract the narcotics, due to its ability to prevent the precipitation 
of protein. 

Trritaiion of the Anterior Horn Cell. Wald ct al.'^^ reported that dogs 
dying from thiocyanate poisoning went into hyperirritative states, as in 
strychnine poisoning. They assumed this to be a result of anterior horn 
cell irritation. , Nichols®* confirmed their statement that the pre-death 
stage was one of increased motor excitability. However, Jahr*® injected 
thiocyanate into a dog’s 4th ventricle without causing hyperirritability. 

2. On the Muscle. Paralytic Action. Bernard*® compared thiocyan- 
ate to curare in its effect on muscle. It paralyzed a frog’s leg, but the 
contralateral reflex was not lost. The drug must be injected intramuscu- 
larly or cutaneously for this effect. Setschenow’'* noted the same paralytic 
effect, but claimed a skin anesthesia came first. Weakness is one of the 
commonest toxic symptoms of thiocyanate overdosage,®® but whether 
this is from actual paresis or a subjective reaction is a matter of question. 
Jahr^® found the fatigability of a rabbit’s tibialis was increased when 
perfused with thiocyanate. He quotes Taubman and Heilborn’®® as finding 
the same result in isolated muscle. Westphal®® reported that there was 
no relaxation of arterial muscle if it was immersed in thiocyanate solution. 
Adrenalin would still cause a contraction in the muscle in the solution. 

Stimnhtion of Smooth Muscle. Kotte^® quotes Ellinger as finding 
increased tone in isolated arterial strips immersed in thiocyanate solution. 

3. On Blood and Vascular Organs. Decreased Viscosity. Doles®®" 
reports that patients with macrocytosis have a decrease in cell volume 
after treatment with thiocyanate. The total serum protein has been 
found decreased.** The albumin globulin ratio has been reduced by 
thiocyanate.®® 

Vasodilation. Goodman®® gives a relaxation of smooth muscle as one of 
the effects of thiocyanate. Griffith®® believes the drug releases, a spasm 
of the arterioles, because it will often increase the cutaneous lymphatic 
flow, and because the best effects in the treatment of arterial hypertension 
are obtained in patients whose arteries are without organic change. 
Bernard’® said thiocyanate would increase the diameter of a vessel in a frog’s 
mesentery. Westphal®® confirmed these findings. 

However, Robinson®® could find no evidence of peripheral dilation in 
the arteries or arterioles. Kotte*® with Karl Smith found no vasodilation 
by perfusing thiocyanate through an isolated rabbit’s ear. I also found 
no increase in the peripheral blood flow of cats as measured by the 
themostrohmur, the blood thiocyanate level being gradually raised until 
death ensued. 

■ ■ llypotensire Effect. Since the first suggestion of its use to treat hyper- 
tension by Pauli,®® this effect of thiocyanate has been in question. Gold- 
blatt®® found that a toxic level was needed to produce a blood pressure fall 
in hypertensive dogs. Grolhnan et al.^^ found no significant blood pres-sure 
fall in rats, with oral dosage. Barker and Davis'® demonstrated that 
•s.vmpathectomy sensitized the patient to thiocyanate, so that a small dose 
Would create the same hyi>otcnsive effect after operation that a large one 
Would, prior to operation. Kurtz^ confinned this. Hamilton*’ found no 
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significant drop in blood pressure in dogs treated ^vitl) thiocvanate. .W 
where in the literature could I find a mention of a hypotensive action in a 
laboratory animal, except when it was quite toxic, Quattlebaum^ 
took 9 gr. q.d. for 1 week and there was no change in the blood pressure, 
except for a transient 10 mm. drop in" systolic pressure on the 7th day. 
The author makes no mention of any subjective s\Tnptoms. 

However, the majority of clinical authors believe there is a definite 
hypotensive effect in a large percentage of cases of arterial liypertension. 
This will be discussed later. 

Hypertensive Effect, Lodholz^^ found a blood pressure increase ter- 
minating in death, in do^ fatally poisoned with thiocyanate, Setschenow*^ 
had also found this action. I found the same phenomena in dogs and 
cats prior to exitus from thiocyanate. 

Cardiac Depression, Bernard^- noted that the heart was depressed and 
stopped beating when he injected frogs and rabbits with thiocyanate. The 
cessation was in diastole, but he was unable to determine whether this 
was a result of muscular weakness or lack of excitation, Pnschkis^'’ 
reported that heart block was caused by the drug in frogs, and would he 
relieved by atropine. Nicliols®^ says it depresses tlie normal licart. 

However, Massie^' reports that there is no change in tlie EKG with 
thiocyanate. Starr'® says the cardiac output in a good many conditions 
that he studied often actually increases as the blood pressure goes down. 
Several authors have actually found a decrease in heart size upon dosage 
with the 

Depression of the Blood Cholesterol, Askanzy- has said that thiocyanate 
decreased the blood cholesterol. I^dholz^® quotes Monk in saying that 
the liver is the storehouse for thiocyanate. He blames the decrci'jsed 
cholesterol on liver function depression. 

Respiratory Sthnidafion. Paschkis,^ as quoted hy Nichols,^' reported 
a respiratory increase with thiocyanate; Jahr^’* denied this. I found a 
similar effect in cats, upon the intra-arterial injection of sodium thio- 
cyanate. However, I found the same effect after the injection of sodium 
chloride solution. Thus I attributed the stimulus to a non-specific irrita- 
tion of peripheral nerve endings in the limb. Comroc^® injected the region 
of the carotid body and found no respiratory changes. 

4. On Glands. Mnens Glands, Goodman^ described the action of 
thiocyanate as increasing the mucus flow, in the manner of iodine. Pauli'*' 
said it would lead to a rhinitis. Mayer^ reported rliinorrhea in patients 
treated witli the drug; Takacs'®® said it increased tlie stomacli .secretion. 

Endocrine Glands, Wald ct found in their patients, after treatment 
with the drug, that a goiter occurred that improved Arith iodine. Barker^'*^ 
found th^NToid enlargement and facial myxedema in some of his patients 
while under treatment. Pauli®^ said thiocyanate was harmful on top of 
th>Toid dysfunction. He also stated that thiocyanate does not pas> 
through the body without affecting the endocrines. Kobucheri* presented 
1 case in which "symptoms of thyroid dysfunction were produced hy the 
drug, and relieved hy its omission. The woman s hearing was depressed 
during the existence of the tfuToid lesion, but returned following cessation 
of the drug. Webster says ‘"a cyanide’' is the factor leading to the pro- 
duction of the experimental cabbage goiter/’ I'ahlund-' repf^rtcfl a ca^e 
of painful enlargement of tlie thyroid in less than a week of thiocyanntr 
treatment. He believed it was an instance of sensitivity, 

tested the adrenals of thiocyanate do^t^r! rabbits anfl fimncl a 
high concentration of the drug in that organ. 

I 
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On thk Kidnkvs. Diuretic Action. ^Yestphal“ reported 3 cases 
witl) increased renal function in spite of decreased blood pressure. Nichols®' 
found a diuretic action in rabbits. Healj"^- noted a diuresis and thio- 
cyanate-uria in rabbits. Barker" found diuresis as a toxic symptom. 
.Tahr/® however, found renal damage in rabbits resulting from the drug. 

(). On the Liver. Depression of Liver Metabolism. Major®' reported a 
decrease in the blood guanadine bases. Damage to the liver and bone 
marrow as seen in benzene poisoning has been found." Robinson®^ fountl 
the metabolism of the liver decreased as much as 40 %, as measured in the 
Warburg apparatus, with a thiocyanate, concentration of 20 mg. per 100 cc. 

B. Tmdc Actions of Thiocyanate. 1. On P.^-Tients. There appear to 
he toxic effects directly from the action of the drug, and secondarily, 
from the decreased blood pressure. They will be taken up in that order. 

Direct Effect's of Moderate Severity, With Low Blood Levels. A blood 
concentration of 12 mg. per 100 cc. or less is regarded as low. Doles''®" 
gives the basis for this classification. Weakness and fatigue are reported 
in this concentration range Doles-®" says these symptoms 
will often go away spontaneously at the end of 2 to 6 weeks of therapy. 
.\ dermatitis of the erythematous type, with or without pruritus.'® ®® "' is 
sometimes seen. Also a maculopapular eruption of the seborrheic areas 
of the chest and back.®® Gager®' and Kurtz'*® reported dermatologic lesions 
of the face and corners of the eyes and mouth. Somnolence has been 
reported,®’"®’"® but is usually in the higher concentration group. Nausea 
is reported.'®’®*’®* Griffith®® says nausea can be reduced by diluting the 
.solution. Mayer®* used enteric coated capsules. 

Direct Effects of Greater Severity Ji^ith Greater Than Therapeutic Blood 
Levels. Gastric hemorrhage was noted by Nerking;®® Franz also found 
this. Vintilesco'®" is quoted as saying that his fatal case had gastric 
necrosis at autopsy. Purpura has been reported;®®’®® also a decrease in 
libido;®'’®® nervousness;®’®®’®* and bloody diarrhea.'® 

Mental symptoms are prominent in this group. Hallucinations, *-'’®* 
slurring speech, unsteady gait and disorientation" have been recorded. 
Mandibular neuritis, with a questionable relation to thiocyanate, has been 
reported.'® 

A severe complication of thiocyanate treatment is exfoliative dermatitis, 
which clears up, if at all, rather slowly after cessation of mcflication. 
Alopecia often accompanies it. Cases of exfoliative dermatitis have been 
reported by numerous authors.® ®' ®®'"® ®® Pyrosis, anorexia and nausea are 
an index of high or increasing thiocyanate level."® 

Sensitivity to Thiocyanate. Fahlund®” describes a case of acute “thy- 
roiditis,” which he ascribes to sensitivity to thiocyanate. Thiocyanate 
sensitivity may be responsible for many of the toxic .symptoms, for the 
tolerance varies greatly from person to person. Griffith®® finds a small 
percentage of persons who exhibit a toxic reaction to their first .small do.se 
of thiocyanate and attributes this to a sensitivity. 

Indirect 7'oxic Effects of Thiocyanate Due to the Fall in Blood Prr.<tsurr. 
.4n anginal attack in an elderly patient without any previous history of 
angina has been reported®® during thiocyanate treatment. The .same 
author also reports another patient with increase in anginal attacks after 
thiocyanate. Other reports of anginal pain during thiocyanate therapy 
exist.*®’®* 

In di.scussion of these cases in relation to the thiocyanate treatment of 
hypertension, several points should be made. First, Barker® has shown 
'hat the drug should not be used without knowing the blood level. In 
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only 2 of these cases was the blood level known; therefore, the remainder 
should be discarded in a strict consideration of its toxic effects. It b 
obvious that the first 3 cases do not reflect discredit on the medicinal n.-!e 
of thiocyanates Second, Hamburger’s case was not reported a.s a true 
death from thiocyanate, the drug being postulated only as contrilnitory. 


Table 1. —Summary of Recorded Fatalities 


Reporter 

Sex 

Age 

Date 

General 

Lesser (see Russell*') . 

M 

oS 

1S9S 

Suicide 

Kobert (see Russell"*) 

F 


190G 

5 gm. of drug 

Vintilesco and Popesco"*® 

M 

27 


100 gni. 

Healy« 

F 

63 


5 gr. t.i.d. 

Goldring and Chasis” 

F 

40 

1932 

10 gr. per dav 

Ibid»« 

F 

oG 

1932 

12 gr. per day 

Saleeb 3 ’"= 



1931 

Died after acute respiratory inf. 

Garvin^ .... 

F 

71 

1941 

Blood level lS.7 

Hamburger*® 

M 


1941 

30 gr. in 7 days; was in hyperten- 
sive encephalopathy 

RusselP* 

M 

52 

1942 

Blood concentration greater than 
21 mg. per 100 cc.; urea dear- 


nneo 27% 

In both of the cases where the blood level was known, it was high. 
Barker^ recommends an S to 12 mg. per 100 cc. level, certainly no higher 
than 15 rag. per 100 cc. The last case also had a low urea clearance. 
In spite of this, these 2 cases clearly died from the effects of thiocyanate. 

Expcrivicnial Work on Thiocyanate Toxicity, The potassium salt is 
5 times as toxic as the sodium salt when injected intravenously in animals; 
but there is no difference per oris.^ However, Westphal®'" said tlic potas- 
sium salt is more potent as a hj’potensor, even when given per oris. This 
has not been confirmed,'^ but rather repudiated by the indiscriminate use 
of either salt without noticeable difference. There were no uniform lesions 
found in dogs poisoned with thiocyanate.- Laufer postulated that the 
hyperirritability found in poisoned dogs might result from hypocalcemia. 
However, Jahi^^ produced convulsions even when calcium was injectc<J 
along with the thiocyanate. Heah’^- put forward the idea that all the 
toxic symptoms miglit be from hypo-adrenemia, as he noted a concentra- 
tion of the drug in that organ. Griffith^® attributes the dermatitis and 
diarrhea to idiosyncrasy. Fineberg^® found some gastric irritation from 
tliiocyanate. Jahr^ produced weight loss in dogs, cats and porpoises with 
the drug. He regarded this as a result of gastric mucosal irritation, pro- 
ducing diarrhea. The drug caused albuminuria and hematuria in rabbits. 
Diarrhea, central nervous (spinal cord) irritability, spastic paresis, opis- 
thotonus, cramps, and death are the progressive symptoms of fatal thio- 
cyanate poisoning in animals. Thiocyanate does not convert to cyanide 
in the hody."^ However, Nerking^'^ says prussic acid can lie produce<I m 
the mouth from caries, sodium chloride and thiocyanate. 


The Clinical Use of Thiocyanate in the Treatment of Arterial Hypertension 

and Results 

A. The Clinical Use. Domgr, Before Barker’.s’ report on the nm*s- 
sity of determining the blood level of the drug, many ernpirit':d dorago 
methods were advised. In the light of our present knowh^rige, riie aofuai 
dose is not as important as the blood level Goodinam^ recommem s a 
0 3^. (o cr.) dose per <iay. Griffith^ recommend.^ a 0.2 to O.-I pn. do-- 
per^y initially and a blood thiocyanate level taken by at least the cm 
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of the first week. The following doses should be entirely regulated by the 
blood level. The micro method of GriffitW^ is the most practical for fre- 
quent thiocyanate blood level determinations. The blood level of 15 mg. 
per 100 cc. should never be e.xceeded. Barker® recommends a level 
between 5 to 6 mg. per 100 cc. at first. If there is no benefit, raise it to 
between 8 and 12 mg. per 100 cc. Blood thiocyanate levels of 40 to 60 mg. 
per 100 cc. without untoward symptoms have been observed.^® 

Route. No mention of any other route than oral for the routine treat- 
ment of hypertension with thiocyanate was found in the literature. Free- 
man®® recommends enteric coated capsules to prevent gastric upsets. 
Griffith®® reports that diluting has decreased gastric irritation in his ex- 
perience. 

The Salt Used. There has been no confirmed evidence in the literature 
of the advantage of one salt over the other. Sodium thiocyanate and 
potassium thiocyanate are used almost equally in the reported cases. 

Tolerance. No tolerance has been noted.'® No other mention of 
tolerance was found in the literature. 

Latent Period. No beneficial effects from the drug appear for at least 
a week. The effects may last 2 months after the drug is stopped.'® The 
drug may be retained until about the 6th day.®® Dogs retain to.xic effects 
for around 2 weeks.®® 

Distribidion of the D.rug in Body Fluids. Thiocyanate is not evenly dis- 
tributed to all parts of the body, but does reach an equilibrium with the 
body fluids in about 2 hours.®® It is not, however, distributed to the 
cerebrospinal fluid.'® 

Indications and Coniraindications. Griffith advises the use of thio- 
cyanate only in selected cases®® of hypertension with some degree of 
capillary mobility or reducible spasm. This is in contrast with the general 
opinion, which seems to be that one should use thiocyanate in any hyper- 
tensive individual unless it is contraindicated. 

Kidney, heart damage, cardiac decompensation, and general inflam- 
matory conditions have been given as contraindications.'® Acute nephritis 
and renal insufficiency are proposed.'® As a general principle, patients 
with renal retention and poor clearance are more liable to radical toxic 
effects, either from increased blood concentrations, or damage to the 
kidney per sr."’®® However, Kurtz'® says that chronic nephritis is no contra- 
indication, and other authors®® ®® say albuminuria is no contraindication. 
To.xic symptoms are more frequent in ad\nnced age'® and some workers 
advise that a patient who is more than 60 should not take the drug.®®-®®-®® 
A good heart and relatively normal BUN are a necessity.®® Thiocyanate 
will have a harmful effect in toxemia of pregnancy.'® Patients with 
advanced arteriosclerosis do not respond well to the drug.®"-®® Logefeil'® 
gives a complete list of contraindications including all hypertensive states 
except essential arterial hypertension without sclerosis. He contraindi- 
cates the drug in inflammations of the upper respiratory tract, as it will 
cause further irritation. The drug is recommended as a preoperative 
medication for sympathectomy.'-' 

B. Results From the Use of Thiocyanate in the Treatment of Hsqierten- 
Sion, Results in the Pre-Barker Ejx)ch. The majority of authors writing 
prior to l936'-’'"''®’‘®®'®’-®®''®-®®-®®-®®-®'--®®-®®'"®-'®-®^ were in favor of the use of 
tliioeyanate in hypertension, gome® ' ® ®' ®’ ®' ®’ ®' regarde<l the drug as too 
toxic, and one thought there was little or no specific hypotensive action.® 

In general, the authors who found good results, got a drop of sy.sto!ic 
blood pressure of 30 to 40 mm. of mercury and a diastolic drop of 10 to 
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15 inni. of nierciip* or more. They were satisfied that the toxic inanifes- 
tafions, if they did occur, were justified by the results obtained. 

The PosUBnrker Epoch. The majority of the authors are still in favor of 
the use of thiocyanate, by a greater margin than before 
25C,29.37.38.45,46.52.M.55.66.6S.69.77.:9 ^he gTcatcr part by far of this group regulated 

the drug dosage by watching the blood level. Some reporters still fee! 
the treatment is not worth the danger.® 

GoldblatP is doubtful of the existence of the hypotensive effect, as it 
has never been demonstrated in a laboratory' animal without marked 
Toxicity. None of the clinical reports liave completely eliminated all the 
variables which might cause unrelated blood pressure variation. Robin- 
son'® reports normal blood pressure variation in the region of 10 nun. 
per week at 120 mm, and it is even greater at higher pressures. It would 
be difficult to design an experiment which would take such an order of 
variation into account. 


Theories of the Hypotensive Action of Thiocyanate in the 
Hypertensive Patient 

A. Decreased Cardiac Output. Through Cardiac Depression. Bernard'* 
said he found depression of the animal heart from thiocyanate. 
In my animal experiments, the heart action was not depressed until 
immediately before death. Thiocyanate lias been contraindicated in 
cardiac faihu-e,'® but no note has been found in the literature of cardiac 
failure being produced or intensified by the drug. The electrocardiogram 
.shows no changes after thiocyanate administration.®^^ 

Through ihc Endocrincs. An effect through the endocrine sy.stciu has 
been suggested by Healy*^- wlio found increased thiocyanate in the adrenals 
after drug dosage. He postulates liypoadreneinia leading to a lilood pres- 
sure fall. Hypothyroidism®’^^ miglit result in the blood pressure drop. 

Through Decreased Venous Ihiurn. The muscular paralysis rejmrtcfl by 
Bernard^ would lead to this effect. 

B. Decreased Peripheral Resistance. Through VasodUatian. Tliis hu'* 
been discussed under the pharmacodynamic actions of thiocyanate. est- 
phal®^ expresses the general opinion of tlie German authors, tliat tlie hlcKxl 
cholesterol was increased in the majority of their liypertensiye patient.s. 
and that they employed thiocyanate to decren.se it. According to their 
theory, the sterol decreases the penneahility of the smootli muscle cell 
wall, leading to constriction of the arteriolar vcs.sels. Tlie drug would 
counteract this, by decreasing tlic cholesterol concentration. 

Through Decreased Blood J^iscf)sifi/. Doles*®^ reported a decrease* in 
erythrocyte volume of macrocytic patients with essential IiypiTtensimi 
when they were given thiocyanate. Similarly, Jahr*^ stateel that thu»- 
cyanate did not decrease tlie red blood cell count, but diel ehrrc'a-'e* tbe 
hemoglobin content. Taubman/®^ however, says tliat thioeyanate* dai 
decrease the blood count in his experience. 

A decreaserl blood protein, or altered alb, glob ratiri would cbnnge the 
serum riscosity.^ There is also the yK^ssibility that the eolusion of th'* 
cells in the blood might be varied. 

Through Removing Calcium Dejinsits. Pauli'® thought lu* was n’lnovinj.' 
calcium from the arteriosclerotic vt^ssel walls with the drug. 
iHcd thioevanates to dissolve c-sitanicts with tlie same thmiplit in inin.l. 

C. Decreased Blood Volume. .Tahr^’ suggested that a shift in tlir 
water balance rm the endocrincs might lie the basic cause of some o. 
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good and bad effects of thiocyanate. No other mention in the literature 
of a change that could be related to blood volume was found. 

D. Miscellaneous. Meakins^'^ suggests that an effect on tissue oxida- 
tion might cause the hypotension. A depression of liver metabolism has 
been mentioBed before A decrease in the guunidine bases has been found 
with thiocyanate treatment, and has been suggested as the basis of the 
blood pressure fall.” Edinger put forward the increase in nitrogen and 
.sulphur excretion as the cause. The rationale is obscure. 

In general, sex, age, retinal lesions, urinary findings, myocardial damage, 
orthodiagram, cytologic findings and serology show no relation to the 
hypotensive effect.”'®® It should be noted that actually some of the sub- 
jective effects for which thiocyanate is given also appear to be caused by it. 


Conclusions as to the Use of Thiocyanate in the Treatment 
of Hypertension 

The majority of clinical workers believes that thiocyanate lias a definite 
hypotensive effect in the arterial hjTpertensive 'patient. However, this 
hypotensive effect has not been demonstrated in the laboratory. The 
mechanism by which this clinical blood pressure drop occurs is not known. 
It is to be hoped that a complete statistical analysis ivill be clone in the 
future to prove this suspected hypotensive effect. 

A satisfactory method for the administration of thiocyanate has been 
suggested by Barker® which will give minimal toxicity if handled correctly. 
Thiocyanate should never be given without blood levels being taken. 
Thiocyanate is not a blanket cure-all for “hypertension” and should be 
Used only in selected cases and where no contraindication e.xists. 

Any relief of subjective symptoms bears minimal relation to the blood 
pressure drop.®’®’”’®® 
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VITAMIN E AND ITS RELATION TO REPRODUCTION* 

Hy Jamk-n Grant Kkiilkh, Jh., A.H. 

raiLADEi.nriA, i'a. 

In 1023 Kvans^^ announced a dietary constituent tliat \vn> necp-:>ry 
for nomial reprodnciion in rat.*^. He at that time ^howetl that ^vitnoot 
tliis c-onstitiient male rats were infertile title to damaKCtl epitln'Iuim. and 
females fatle<l to ctirry their yoiinj: to tenn. Sitie(‘ then we ha\'(* ndv;tnee< 

♦ Submitte<l a-, .a rei>ort in the thirtl y^ar rr.ufv- in P.-ithologj- in the 
Pennsylvania School of Me^iiHne. Dc<‘cm>)-r. 1012. 
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far in our knowledge of this substance; it has been taken apart, synthe- 
sized, and various deficiency diseases have been produced in animals 
which were then cured with this substance. Yet we know very little 
about its actual workings in the human body. The attempt is made here 
to assemble salient features which have come to light during these past 
20 years from study of this substance, which is called vitamin E. 

Space forbids reviewing the entire field at this time, hence this paper 
must be limited to the part played by vitamin E in relation to reproduc- 
tion. Its role in the muscular dystrophies, amyotrophic lateral sclerosis, 
malignancy, and so forth, must be entirely omitted. For a brief review 
of these aspects see Mason.®® 

The active principle of vitamin E has been thought to be associated with 
anti-oxidants since Olcott and Mattill®®~^^’^® first showed the substance 
present in lettuce oil. Later, Bradway*^ shoAved that it is present in 
tomatoes, carrots, and wheat germ oil and is accompanied by inhibitors 
which prolong the induction period of auto-oxidizable fats. 

Vitamin E has been shown to be a durohydroquinone."*®'®^ Evans^^-^^ 
prepared from the unsaponifiable portion of wheat germ oil a fertility 
potent factor which is known as alpha tocopherol, a reduced polycylic 
compound of the sterol type. He produced an alpha and a gamma frac- 
tion from cottonseed oil; only the alpha fraction is obtained from lettuce. 

Other on the biologic aspects of the 

chemistry of vitamin E will not be considered here, suffice to say that: (1) 
Absorption spectrum analysis shoAvs a band at 2940 Angstroms® which 
is not connected AAUth the activity of the vitamin (2) It is 

stable to light and heat. (3) It is destroyed by bromination, ozone, per- 
benzoic acid, potassium amide, and so forth.’^-^^^ (4) Concentrates cannot 

be hydrogenated. (5) Alpha tocopherol (a 6-hydroxy chroman) has been 
synthesized.®®'®’ 

Bioassay. Vitamin E may be assayed by keeping adult female rats on 
an E deficient diet and noting the ability to bear living young following 
administration of varying amounts of concentrates by mouth. Bacha- 
rach“ shoAved that failure to mate, failure to ovulate or failure to implant 
was not related to the amount of vitamin E present. He suggests’® that 
biologic activity of a sample of vitamin E should be taken to mean its 


content of tocopherol, not its effect on Autamin E deficient rats. 

Palmer,’® using single oral doses, found that the correlation betAveen live 
fitter efficiency and placental implant Avas significant. At best, hoAvever, 
the assay is qualitative. He found a high retention of vitamin E in proc- 
essed AA'heat germ oil kept 1 year at room temperature in sealed cans. 

Makenzie®’ recommends the use of rabbits in estimating the content of 
vitiunin E necessary to cure muscular dystrophy. Emmerie®’ described a 
colorimetric method of identifying and assaying tocopherols. Mason®® 
has proposed assay by the uterine index method, Avhich is the Aveight of 
uterine contents in grams plus the number of Auable fetuses at term diA'ided 
0 . Mason®®*^ in a ncAv and rapid method to bioassay Autamin E bases 
lus values on the number of live fetuses and the Aveight of uterine contents 
at the 16th clay of pregnancy. The presence of 2 or more viable fetuses 
u cro at the 16th day of life affords criteria of positiem response equal 
o. and m certain cases more reliable than, that based on delivery of 
term. He states that there are other adAmntages to be 
huncci from tins shorter test period in the bioassay, namely the economy 
and diet, and the information gained by examining the 
uorus as to atypical states, and positiA-e responses. 
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^ It has been recommended by the members of the International Viminin'i 
Standardization Conference that synthetic racemic alpha tocopherol ace- 
tate shall be adopted as the International Standard for vitamin 
The International Unit has been defined as the vitamin E activity of 
I mg. of the Standard Preparation. This is the average quantity which 
pre^'ents resorption of gestation in rats deprived of vitamin E when the 
substance is administered orally. The strength of the Standard Solution 
is such that 1 gm. contains 10 International Units (or 10 mg. of alpha 
tocopherol acetate). The standard has certain physical and chemical 
properties wdiich are described in the literature.^^ 

Relation to Other Biologic Product. Adamstone" has shown the relation 
of vitamin E to anthracene and its derivatives. He believes that it i^ 


just as necessary for the normal utilization of anthracene substances as 
vitamin D is for calcium and phosphorus. 

Cholesterol, an anthracene substance, disappears from the brains of 
young chicks along with degeneration of the brain when these chicks arc 
kept on vitamin E free diets. In muscular dystrophies due to vitamin K 
deficiency, the cholesterol content increases, Vogt-Mpller^*® has reporitil 
liypocholesteremia in pregnant women subject to habitual abortions. 

Calciferol, also an anthracene substance, when used in the form of 
cod-liver oil to supplement a \dtamin E free diet, produces a lympho- 
blastoma, w’hereas halibut oil produces an erythrophagocytosis. 

Axdroge.v, the anthracene substance from the testes, needs vitamin K 
for normal utilization, as shown by Adamstone^ using caponized fowl. 

PiTriTARY GONADOTROPIN and vitamin E play different roles. Vezar'®' 
showed an almndance of vitamin E had a stimulating action on the .sexual 
cycle. He can induce precocious maturity in young females hut rociuires 
tlie presence of ovaries. Vitamin E cannot lie substituted for in vita- 
min E free diets by estrin, progesterone, or anterior pituitary extract. 
Most e\'idence favors vitamin E as essential for the normal functioning 
of the anterior lobe of the pituitary. Changes in the pituitary gland will 
be fliscussed under Pathology. 

IVIoore^ showed that vitamin E tlcficiency also decreased the reserves of 
vitamin .\. Shute®^ has shown that neuritis in pregnant women due to 
vitamin B deficiency was 2^ times more frequent when a.ssoeiated with a 


vitamin E deficiency. 

Physiology and Pathology. Production of Vitamin E Free Dirti. Ihere 
are several methods which can he used, namely: (a) By adding cod-hver 
oil, l)utter fat, or lard to the diet; f. e., oxidation l>y fatty snhstancfs.^^ " 
(h) By treating the diet with ferric eJiloride; this product's sterility in 
12 weeks in rats.”"* AH the germinal epithelium is lost, and all the fetU5e- 
in the first gestation are rcsorhed. (r) Drying is a neccs^^ary factor for 
inactivating vitamin E. (rl) Possible destruction of vitamin E by other 


fats in diet was suggestc<l by Maltill.^^ , . l* 

Rrintion to Groirfh and Drtdopmrnt, Martin^* says that vitamin r* 
incrc:t<es early growth. However. Olcott and Mattill*^ conchidt^^l that the 
improvement in early growth was not due to vitamin E. 

That vitamin E may i)e a factor in the hatchnhility of eh'ck cgc- "a- 
shown by Adamstone,*’ la^f’atise fertile eggs jirfKiuccd by pullets ^*^1 on vita- 
min E deficient ration failed to hatch a normal amount of Iiealthy ehie^' 
Einhryn< from eges on a vitamin E free diet usually diet! by thedfli 
of incubation. The pathologic <Ymditions causing death were: 
eration of the circulatory system; (h) hemorrhages and groups nf tm ^ 
evtes; (c) a lethal ring in the hla-tfKienn which stirround-» the em 
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and causes death by starvation, asphyxia, and general toxemia. Barnum 
showed that adding 16 % wheat germ oil to the diet gave normal eggs. . 

Cunningham and Hopkirk^^ found that diets liigh in protein or low m 
protein produced good growth but induced sterility by damaging male 
germinal epithelium resembling vitamin E deficiency. Vezar'®* showed 
that normal rats started their estrous cycles at an average body weight 
of 100 gm., but vitamin E deficient rats began their cycles at weights 
averaging 30 gm. Emerson® says there is a response to wheat germ oil 
after a plateau in weight has been reached. The growth stimulating 
factor is in the non-saponifiable portion. Olcott'' says that rats on a 
vitamin E free diet grew as fast as those on high vitamin E diets, and 
supported the claim that early growth is not due to vitamin E. Goettsch**® 
reared 7 generations of mice on vitamin E low diets and found no retarda- 
tion in growth. 

Hormone Balance. Nelson®* showed that the male liypophysis from 
vitamin E deficient rats was more potent in the gonad stimulating hormone 
than from normal rats, but less potent than from glands of castrates. 
Others*® have shown that anterior pituitary extract or pregnancy urine do 
not prevent resorption of embryos in vitamin E deficient females and that 
pituitary deficiency is not the primary cause of resorption. After castra- 
tion the basophil cells of the anterior pituitary are altered and the gonado- 
trophic potency of whole gland increases. This is in disagreement with 
Nelson.*® 

Singer®^ says the thyroid is hypoplastic and Underhill*®® confirmed this 
finding in vitamin E deficiency. The latter also described changes in the 
anterior lobe of the pituitary; namelj", the acidophils are small and degen- 
erate and have pyknotic nuclei and the cytoplasm stains poorly. Also 
there is a degeneration of the Ijasophils with a decrease in gonadotropin. 
No evidence of histologic changes and no castration cells have been found 
in pituitaries of vitamin E deficient females, as have been claimed for the 
males. The thyroid of male rats kept on vitamin E deficient diets for 
periods of 6 to 15 months showed more histologic activity and weighed 
more grossly than normal controls of the same age and sex. An increase 
in the BMR was found also. However, these effects were found to be due 
to deficient iodine content in the water rather than the lack of vitamin E, 
for by increasing the iodine in the diet to normal, the thyroids became 
normal and the BMR returned to normal.*®® 

hffeet on Female Reprodnetive System. It was Evans*® who first pointed 
out the “resorption” of the fetus in pregnant female rats kept on certain 
(hots, which we now know to be lacking in vitamin E. Since then, many 
hayc reported the effect of vitamin E in increasing the number and via- 
Imity of the litter. Evans,*® however, in a review of the literature, states 
that large imiounts of vitamin E do not improve reproduction beyond 
normal limits, and that large amounts during the first gestation’ will 
protect a second, even though on vitamin E free diets, but not a third 
gc.stution. 

Its necessity for the embryonic growth in animals other than the rat 
«mi mouse is being established ; for example, Vogt-Mpller**® injected 20 cc. 
s erilized wheat germ oil into cows which had repeatedlj’’ failed to 
.. wcomc pregmint and as a result 33 out of 50 cows so injected became 

hm\d large doses of wheat germ oil increased litter 
amt in tlie diet of .sows, the mortality of suckling pigs was reduced 
.injections of vitamin E have no effect on the ovaries, 
• . the opening of tiie vagina or cornification of the vagina in iinma- 
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ture female rats."^ ^ Urner'®' found intra-uterine chanjrci?, naincly,.a jjriHs 
purplish discoloration and congestion of normal pregnancy. After the 
I2th day, no normal uterus and no embryos were found. Histolo|:\' 
remained normal until the 10th day. iMoore^ found a brown discoloration 
\vith pigment in the muscle cells. 

In rats, injection of estrogens or anterior pituitary extract Avill not 
substitute for vitamin E in deficient diets. Szabo*^ showed that vita- 
min E caused uterine hypertrophy in pseudopregnant mice hut not in 
normal mice. Histologically this hypertrophy is seen to he due to an 
increase in connective tissue and muscle fibers, McCiillagh®^ and Mar- 
chesP observed no histologic changes in ovaries of vitamin E (foficirnt 
females and also there was no direct effect on the vagina, the non-gravid 
uterus, nor on fertilization and gestation; however, the pregnancy was 
terminated by resorption of the fetus. 

Effect on Lactation . Evans^® says other factors are necessary for lactation 
beside vitamin E. Sure^®^ attempted to prove that vitamin E is made up 
of two fractions, one for fertility and one for lactation, but concluded that 
no specific vitamin was essential for lactation. In mothers depicted of the 
reserve of lactation promoting substance, the young rcsponde<l to wheat 
germ oil. 

Mason^’®® showed that a transfer of vitamin occurs across the placental 
barrier. Concentration of vitamin E in the placenta and the uterus of 
high vitamin E mothers is o times that of a full-term fetus.^^-** On stock 
diets made deficient in vitamin E, he showed that degeneration of the 
testes of rats should occur in the .same length of time, but that if the 
young were suckled by liigh vitamin E mothers, a delay in the degeneratirm 
of the testes from 20 to 40 days indicated that mammary transfer had 
occurred. 


In humans, Shutc^ showed an increased output of milk in 35% of ca^es 
wlicre lactation was poor upon adcling wheat germ oil to diet. Sixty per 
cent were able to nurse longer than 3 months. 

Effect on Male Keproductire Nj/.y/cm. \’itamin K deprivation in male 
animals lirings about a response which differs from that in tlic female, m 
that the changes occurring in the male arc irreversible; that is, tluy an- 
not alleviated or relieved by administration of wheat germ oil or hy otljer 
sources of vitamin E. This lias been explained by the fact that in the male 
the damage is to the animal’s own tissues, in contrast to the female, where 
the damage is to tlie fetal tissue. 

Afale fowl on vitamin E free diets for I year sliowcd normal fertility of 


sperm.® By the end of the 2d year, 2 males were sterile, hperm >m*'ar 
showcfl that stnictural changes occurred sliortly after tlie coinmenceim nt 
of the e.xpcrirnont. One showed t testicular atrophy, and 3 sIiow(»fl degen- 
erative changes. Mature sperm degenerate first and grarlually degem ra- 
tion proccetls to the outsirle of the seminiferous tubiih's. 

?iInson^’ and MarehesP slinwe^l that diets deficient in vitamin K, f‘*R 
adequate in the other vitamins. Iiave pro<Iueed definite hi>toIogte injnrt 
to rat tc'stes. Deficiency in vitamin A has produeerl test<*s drgeneratiori 
. • i! 1 1 ... 1,' mi... iliti* ti> vitannn K 


<egTcpUion ol cliromaiin to lonn a ...... - ^ 

muUimicIcatc {,{) S-rtoli .‘■how, _ no 

though the nuclei have Wn irregular and syneynum m<»rc fiOroJ*. ^ 
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iascho\\'^®“. says that the Sertoli nuclei exhibit structural changes which 
he thinks are related to disturbance of nutritive function. It takes 
roughly 50 days for the degeneration process to reach completion. There 
was no evidence produced to show regenerative capacity on the part of the 
seminiferous tubules. Forty gm. of lettuce a day had no curative effect. 
Other findings in male organs were discoloration of the seminal vesicles 
and decrease in weight of the testes and the prostate. 

DiBassi"^ examined human testes from 165 patients dying of sudden 
death. Of these, 44 showed multinucleate giant cells derived from sperma- 
tids, histologically similar to the picture of vitamin E deficient rat testis. 
Also on milk diets, male rats became sterile and showed the same histo- 
logic picture. However, females on the same diet produced living young, 
so changes in germinal epithelium cannot be attributable solely to vita- 
min E deficiency 

A loss of interest in the female fowl by the male was noticed by one 
observer.^ Others have claimed that these changes in sex behavior were 
not due to loss of vitamin E because they were not reversible when vita- 
min E was provided in the diets. Adamstone® says that the loss of sex 
interest on the part of the male fond appears before any marked degenera- 
tion of the testis and before secondary sex characters show regression. 

Didribidion in Body Tissues. Cuthbertson^® showed that vitamin E 
was stored in adipose tissue only when diet was unusually high in it. 
No storage took place in any other tissue. Moore®^’®® showed spectroscopi- 
cally that it %vas only deposited in depot fat. Mason®®' has assayed the 
vitamin E in the tissues of 338 rats which received either 4, 100, or 10,000 
times the minimal daily requirement of vitamin E. He found that on the 
low intake the heart, lungs, and spleen contained almost twice as much vita- 
min E per gram of fresh tissue as the musculature, body fat and other 
vital organs; the liver had the least. On moderate intake of vitamin E, 


storage is augmented in the viscera, musculature and fat. The heart, 
lungs and spleen receive most of it. The liver’s supply of vitamin E is 
increased 14 times, while the mammary gland concentrates twice as much 
as the liver. At the excessively high levels of vitamin E intake, the liver 
has about 150 times the amount which it contains at lower levels, hence 
>t js the most valuable guide to previous intake and storage. Only a small 
fraction of the total amount of vitamin E ingested is stored in the rat, 
xvhich confirms the suggestion that tocopherols may not be effectively 
absorbed from the gut or are readily broken down in the body. 

Theoretical Concepts of Mode of Action of Vitamin E. Since no one has 
produced evidence as to how vitamin E acts in the body, but little space 
Will be given to theories. Adamstone'® believes that normal cell division 
requires vitamin E and in vitamin E deficiency abnormal excessive di\dsion 
occurs. The first recorded speculation was that vitamin E played a role 
in the utilization of iron. This was exploded and rejected by Mattill.®® 
ogt-Mpller”® has called it a morphogenic hormone. Drummond and 
tnderbul-® think its fundamental role is in hormone balance. Adamstone^ 
las already pointed out its relationship to anthracene substances. Shute®- 
i<i.s the idea, that in humans at least, vitamin E holds estrogens in equilib- 
ruun during pregnancy, and that a vitamin E deficiency results in an 
excess- of estrogen in the blood. Some think^^-«-®® that vitkmin E consists 
tub? fractions, already mentioned. Wright and Drummond"® suggest 
hnrt are part of the enzyme oxido-reduction system in the 

however, that no oxidation products of alpha 
copherols are likely to take part in re^'e^sibIe o.xidations in the bodv. 
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Clinical Considerations. Indications for Use. Definite proof for the 
value of vitamin E as a remedy for human sterility is manifestly difficult 
to secure. Many causes are associated with lunnan sterility and, as we 
have pointed out, animal experiments indicated vitamin E*is concerned 
with only one phase of the female reproductive process, namely, the blood 
supply nnd nutrition of the embryo; and in the male with the maintenance 
of testicular function. By analogy, an inadequate diet of vitamin E in the 
human male might be revealed by non-viability or even complete absence 
of sperm; in the female, by abortion — the physiologic counterpart of 
absorption in rats. Such analogies, however, are dangerous as they may 
imply too much or too little. All we can do is to point out certain facts 
where vitamin E has been used in treating pathologic conditions and the 
manner that is recommended for such nse. 

Habitual Abortion. Chances of a full-term pregnancy in untreated cases 
of habitual abortion arc about 60% after 2 successive abortions and about 
27 % after 3; while after 4 abortions only G% can hope to have a full-tcmi 
delivery.’*'^ Shute®’^ i>u^gests tins condition is caused by an excess of anti- 
proteolytic activity which damages the nutrition of the tropliohlast. 

Curric^'"'*^ reported 30 cases of habitual abortion in wbicli IS were carrier! 
to term, 3 to more than the 34th week, and 5 were carried over o months, 
all on wheat germ oil. In a second series of known habitual aborters, 23 
out of 29 delivered at term and the remaining (i were carried over 6 month^^, 
again on wheat germ oil. 

Vogt-Mpllcr*^^ reported 20 cases in M’iiich no anatomic or ])hysiologic 
almonnalities coukl explain the rej)eatod abortions; 17 of tlicso bore living 
(‘hildren after treatment witli wlioat germ oil. In a second .<5erics of '>2 cases 
of habitual abortion, 3S living young were born following treatment with 
wheat germ oil. Ho first tried wheat germ oil in sterile cows anr! next in 
2 human subjects who had aborted 4 and times respeetively. These 
2 women had normal term pregnancies. 

Watson"^ and Tew'^^" reported success iu a series of 34 out of 4li eases of 
habitual abortion, but no benefit was obtained in ov<Teonu’ng cases of 


sterility. 

Shute’^^ says tliat in the !)IoofI serum of aborting women, a defieieney of 
vitamin E has permitted estrogenic suhstance to acqtiire a dominant 
position. Resistance to proteolysis disapptNirs when treat(»<l with 'tta- 
min K. Fnrtlier. he has shown that tlie blood serum rif rats <»n vitamin K 
free diets develoj)ed the ability to n^ist tryptic fennent, <*o!nj)arai»Ie to the 
blood serum of aborting wrimen.''' Oral administration of wh(*at germ oil 
overcame this n^sistance, H(* n'ported 72 9r siic(*(\ss in treat itig lialaturd 
aimrtion by vitamin ^ ^ . 

Thrrntnird Almrtiou. AnotluT indication for vitamin E therapy b 
the treatment of tlireatened aluirtion. Siliwmage! ami Hurt®^ haw* 
recently rejiorted a serit's of 140 cases treated in this manner. Their 
eritena for diapiO'^is was vaginal bleeding with or wit lion t crarnpy P'JT!* 
They made comparative tests with various metluxls of tfierapy wliirh 
included wmservatiw* ineasurts of IxmI n*>t ami sixlatinn; progf*sterone. 
alpha t<K‘f)phernl acetate alone, given inlramn-'cularly ; alpha tfKf»pln‘m 
acetate intnunuseulurlv and orally : alpha tiK^fijihero! acetate intnirnn-^'n- 

, 1 1 I 1 I ....U*.. ..trvl... ncefe.te ornlD 
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and oral wheat germ oil alone gave good results in 42 % and 33 % respec- 
tively. Progesterone alone carried only 18% of the cases to term anrl 
alpha tocopherol acetate intramuscularly carried 20% through. 

Scnik Vagmiiis. Siiute®* has reported success in using wheat germ oil 
to ti'eat this condition, especially associated with excess of estrin and 


hypothyroidism. 

Ahmjiio Plaecntm. This lesion, in which the placenta separates pre- 
maturely, is said to occur in about 0.3 % to 2.8% of pregnancies. Man\' 
cases are undoubtedly overlooked because the early symptoms are not 
recognized. The condition in the advanced stage resembles shock, with or 
without uterine bleeding. Uterine pain, rigidity and tenderness, and sacral 
backache are characteristic. The patient may die of hemorrhage or may 
abort a macerated fetus. Shute*^ shmved that 78 % of these patients had 
a deficiency in vitamin E, and by giving 12 drams of wheat germ oil in 
24 hours, he completely abolished the symptoms,®® Shute®®® refers to 
cases of pre-abruptios (probably the same as McKelney’s “miniature 
premature separations ”)> which he diagnoses by finding areas of uterine 
tenderness to palpation. He states they disappear, only to recur, and 
(dwa^s at the same site in the uterine wall. With these pre-abruptios 
may go the signs of early toxemia. Shute states that these areas of ten- 
derness are frequently overlooked or wronglj'- diagnosed, often as appendic- 
itis, "baby kicking,” adhesions, and so forth. He further believes this 
uterine tenderness is almost always the first sign of vitamin E deficiency in 
hnman pregnancy, and that "it is always relieved by prompt administra- 
tion of vitamin E.” Such cases always shoAV a high blood estrogen level 
and such an assay is “sine qua non ” for diagnosis. In his later work he 
believes the dose required increases as the pregnancy proceeds, therefore, 
enough vitamin E must be given to control the symptoms rather than 
using any standard dose.®®® He believes that vitamin E acts to neutralize 
the excess estrogenic substance which resists the intrusion of placental 
villi into the uterine wall. It leaves open the interesting possibility that 
toxemias of pregnancy may be due to dietary deficiency. 

Male Sterility. Moench®® has receirtly suggested the use of vitamin K 
in treating male sterility, Shute®® reported 1 case of testes atrophy that 
returned to potency after vitamin E therapy, and also a case of testicular 
tiescent on vitamin E therapy after pregnancy urine had failed to produce 
this result. This seems, however, to be contrary to the attempts in rats 
to reverse testicular damage by giving vitamin E, Biskind and Falk“® 
have treated 11 cases of infertility in the male with vitamin Bi and vitamin 
b m combination, and reported definite improvement in the number, 
motility and morphology of sperm in these people. Of these men, S 
succeeded in begetting children after treatment. 

Congenital Anomalies. Often spontaneous abortions are associated with 
uevelopmental anomalies of the fetus. Byerly^® and Macomber®® .sug- 
gested that vitamin E deficiency is a factor in producing fetal deformities. 
iNeither Vogt-Mpller,^®-”® nor Watson®« and Tew»®“ have reported any 
gross etal anomalies in infante wliose mothers were carried to term with 
'V \oat germ oil. Shute,®- however, reported 2 anomalous fetuses in 
? rfl mother had been so treated. Currie®®"®® found 

d.,?; treated with wheat germ oil, which died 

uue to a structural defect. 

^ may thus accept the fact that failure of wheat germ oil therapy 
^^entioned conditions may be due to inadequate dosage, 

STS' seasonal depletion of vitamin E, rancid 

' or abortions due to other causes thnn t? — .. 


0S4 


rnonnKss of medical scies ' ci : 


IxFLUEXCE OX Labor. Shute®* showed that wheat jicrni oil used iip to 
the onset of labor in no case prolonged the onset. Even tlie attempt to 
stop labor by massive dosage during the first stage was not successful. 

Dose. Danforth^ says more is needed by the male to prevent itstes 
changes than by the female to prevent “resorption” of the fetus. Epp- 
stein’® points out that absorption of vitamin E from the gut varies, and its 
destruction in the gut or in the tissues may be e.vcessive, thus caii.sing 
deficiency, 

Currie^^^ used 3 minims of wheat germ oil daily (in capsules) until the 
onset of labor. IMacomber^® showed that 500 ing. of wlieat germ oil per 
day in 20% lard did not protect 44% of experimental rats, but that 
20 gm. of lettuce per day did protect on tlie same diet. Slmte^ says that 
it should be given until the antiproteolytic factor has disappeared from 
the serum and continue "wnth a dosage that will keep the serum normally 
digestible. He used 12 drams in the first 24 hours and 1 dram per day 
thereafter.®^’®^*^® Later, ^ he says that the dose siionld l)c the amount 
necessary to control symptoms of “pre-abruption” and to continue the drug 
to term. Vogt-Mpller^s clinic used 2 to 3 gm. per day with no special 
precautions to preserve its potency. Three to fi mg. per day arc usually 
recommended in the treatment of threatened abortion. 

Potency. Shute^* showed that wheat germ oil that is not kept cold 
will lose its potency and thus signs of threatened abortion will return. 
In hulk or capsule form the oil retains its potency no longer tlian S days. 
Alpha tocopherol became ineffective wlicn given with cod-liver oil.^* 
Others"* maintain that it can he kept in scaled vacuum cans for years ami 
still retain potency. The preparation used most often is fresii ether 
extracted oil. 


Idiosyncrasy. No toxic effect has been noted on 0 drams per day for 
fi months. However 5 patients treated for vaginitis witli wlieat germ oil 
were sensitized and developed urticaria.^ Shute^^ also had 5 adults and 
1 infant who developed flatulence, Jiot flaslics, urticarin, and nausea and 
vomiting who had been treated with vitamin E. 

Summary and Conclusions. The present status of vitamin K may l>e 
summarized as follows; 

1. The active principle of vitamin E is a polycyclic coinpouml of the 
sterol type that possesses certain physical and chemical properties. State- 
ments as to Imw such compounds are synthesized and their soure<-s ui 
nature are readily found in the literature. The relation.ship of vitamin 
E to anthracene derivatives has been cstal)lish(Hl. 

2. Whether growth and development tire aidc^l or not by vitamin L 


rernains amtrovcrsial. 

3. That vitamin E has close relations with the cn<locrine sy.-^teni'^ of lia* 
lK)dy has been t'stalilishcfl, hut its exact role has not yet been mruferhar. 

4. Manifestations of vitamin E deficiencii^s (i*,>pecially hi rat m are 
retardcfl development and or rc-sorption of the fetus, and sjv‘<*ifje degf U- 
eration of the testis in males. Changes are reve^^ihle in tlu* female. 
In the male the evidcnc*e is both insnfiirient aiul (‘oniradietory. 

5. The mechanisms involverl remain thcfiretical. 

0. The correct use of vitamin K in humaii'^, far a- repnxtiietiori o 
conccrne<l, still remains to he gU^nc<l from the future. 
facts seem apparent. Ahniptio placenta-, if diagno c^irly by rim 
mentionetl, is amenable to treatment with vitamin E. ^ 
for ahruptio is prevention and that i. now ^ Ohutj* i- ^ 

threatemxl aliortion seems r(-jK>nd favnnihly to vitamin K. < 
leS of treat..l far an- tl..,- of hal.ftna! a^-rnor,. arv\ ,r. ,h- 
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tlie figures average 75% good results with vitamin E in some form or other. 
However, the difficulty in evaluating all such data is obvious—no controls 
are possible. We do not know whether the patient would abort this 
particular time even if wheat germ oil had not been used. Further the 
number of cases reported and studied are still too few to be or much 
value statistically. In the other pathologic conditions, reports are still 
fewer and too vague to have practical significance at this time. Howev^, 
failure to substantiate such reports may well reside in the technical diffi- 
culty in preparing, and preseridng the potency of wheat germ oil, as has 

been pointed out. . .. „ 

Vitamin E therapy will probably never play the role that its teilow vita- 
mins have played in other conditions. It should, however, be studied 
much further, experimentally and clinically in the pathologic conditions 
mentioned, especially as no other valuable or specific therapeutic measures 
exist, as it apparently does no harm and has the possibility of doing good. 
When the number of well-studied cases is sufficient to be statistically 
imposing, its true worth may be better evaluated. “ It is easily possible 
that in stressing the relation of the tocopherols to reproduction we may be 
missing their basic function— growth of the fetus and maintenance of male 
germinal epithelium perhaps being but a small part of the whole.’’^^'^ 
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THE PRESENT STATUS OF CONTRAST MYELOGRAPHY 

By Harry M. Weber, M.D. 

Contrast myelography consists of the vise of some type of medium which 
when injected into the spinal subarachnoid space allows the roentgenologic 
visualization of that space. By this procedure the presence of intraspinai 
tumors and other pathologic processes which obstruct, distort or obliterate 
the subarachnoid space can be detected. 

The intraspinai use of such an agent was suggested first by Dandy^" in 
1919 when he predicted that tumors of the spinal cord might be localized 
by the injection of air. The actual intraspinai use of air to detect and 
localize tumors causing complete block was reported by Dandy'® in 1925. 
However, in 1922 Sicard and Porestier®® had described the intraspinai injec- 
tion of iodized oil for the roentgenologic visualization of obstructing intra- 
spinai tumors and this method was received with much enthusiasm. Air 
myelography was more or less abandoned. Odin, Runstrom and Lind- 
blom®® in 1929, and Camp® in 1930 recommended the use of iodized oil to 
detect unobstructing lesions of the spinal canal. Iodized oil myelography 
became a well-known and generally accepted method for the diagnosis of 
intraspinai tumors when neurologic localization was unsatisfactory. This 
type of iodized oil we shall refer to by its trade name, lipiodol, to distinguish 
it from iodized oil of different character wdiich has been developed recently. 

In 1934 Coggeshall and von Storch" used air to visualize the lower part 
of the dural sac in 3 normal persons and suggested that by this method 
“deformities of the contour of the dural sac may be seen as they are pro- 
duced by neoplasms, congenital deformities, or traumatic lesions.” In 
the same year Van Wagenen®® demonstrated the level of 3 cord tumors 
with block by the use of air. Thus, interest in air myelography began to 
develop again. In 1937 Reichert,®® and Scott and Young®^ reported the 
roentgenologic visualization of protruded intervertebral disks by air 
myelography. 

There is little doubt that lipiodol was found to be most accurate in the 
visualization of intraspinai tumors. Camp and Addington® in 1939 re- 
ported the results of lipiodol myelography in 417 cases. Discounting 
a cases in which there was a lesion below an anomalous cul-de-sac, they 
ound lipiodol to be accurate in detecting and localizing the lesion in 
< h.8% of the cases. They also described 13 cases in which operation was 
perfonuod and which had been considered negative after lipiodol myelog- 
raphy. This included the 5 cases in which there was anomaly of the 
cul-iic-sac and in which protruded lumbosacral disks were found. In 2 
u the remaining 8 cases there were protruded lumbosacral disks, in 4 
uuekoncd hgamentum flavum was found, and in 2 no lesion was found at 
operation. This report of surgical findings in cases considered negative 
Mnyclographv is most important. Almost all of the papers which have 
•ipeavou m the literature regarding myelography deal only with the 
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surgical findings in cases considered positive by myelography. The erro- 
neous impression that may result from this type of analysis is obvious. 

There have been other statements with regard to the nccuracv of lipiodol 
which agree fundamentally with those of Camp and Addington. Ibunj)- 
ton found lipiodol to be accurate in 93 % of 133 cases. Bell and Spurling- 
recommended lipiodol, as did IMi.xter^ who warned that it must not he 
used promiscuously. 

Ctimp® also has sIioanti that 'vvith the use of lipiodol it is possible in inanv 
instances to determine Avhether a tumor of the spinal cord is extradural or 
intradural, and in the latter case wlietljcr tlie tumor is extramedullary or 
intramedullary. This is most important information if the tumor is a true 
neoplasm. He was able to identify the character of the lesion in PO.S^'c 
of his cases. It thus seems that for the accurate localization and press 
identification of neoplasms of the spinal canal at any level lipiodol is thr 
most tnistwortliy agent yet found. 

Tliere is some controversy as to tlic amount of oil necessary for diapnosH, 
There are many, for example Bell and Spurling, wlm feel that 2 re. of 
lipiodol is sufficient. Others, for example Hampton, use a larper amount, 
usually about 5 cc. Camp^ advised that 5 cc. he used since, in his opinion. 
Avith this amount small lesions are less likely to he missed than Avitli a 
smaller amount, there is less danger of pseudo^arrests which simulate 
partially obstructing lesions, and the lipiodol does not break up so readily 
into globules in the thoracic and cervical regions. 

With the larger quantity of lipiodol multiple tumors arc found more 
easily, according to Camp." Of 72 cases of tumors of the cord lie found 
that 4 % had multiple tumors. For this reason lie emphasized that enoiiph 
lipiodol must be used to allow examination of the entire eanal. He 
expressed the opinion that 5 cc. is in reality no more irritating than 2 cr. 
and there is as much medico-Iepal objection to the small amount as there 
is to the larger amount. It should also he kept iti mitid that in a few rlays 
or weeks after injection the column of lipiodol breaks uj) more ea^'ily into 
globules and therefore the examination is most satisfactory immediately 


after the injection. 

Since lipiodol was received with such enthusiasm at first and sinee it< 
accuracy has been proved, there must he some reason for the further >enr(’h 
for another agent to supplant it in contrast myelography. .At first lipiodol 
was used too freely and rather promiseunnsly. lU-actlons wen* rej>orted 
as the result of its irritating cfTect. There has been a great deal 
inental and clinical work in this r(*speet am! this has been well reviewed 
by BroAm and Carr,^ MarcoA'ich, Walker and ami (farlanfl/ 

There is no doubt that there is often an immediate reaction Avitldri 21 hour^ 
after the injection. This may consist of any or all of the following; io nd* 
ache, fcA'er, nausea, A'orniting ami stiff neck, Tlie spinal fluid sliou .“luht 
or moderate pleocytosis. Marcovich and hi^ aN-oeiate^ statnl tliat tape 
symptoms are gone Avithin 72 hours. I,<jve ami WaMi^ rei)orfed tUM 
earlv reaction and said: We have seen no rlinieal reaction to iVlir^d otl 
that might not Imvc been j)rmlnml fiy a spinal or ei^tenial putu tnri* vifh* 

tlic withdrawal of spinal fluid alone.** ^ i . , t 

Camp'^ and Hampton^" have AvanH*^! that only fre-h liph/^!oI ni:n 
safeh'. At times aggravation of the jiatient’s symjitomH m-etm a.tt’r 
iniecVion of lipiodol imt that ahoomirs Avlu-n fuily a spinal pumturr 

It is generally am'ptf*fl now tliat a definite <t»ntraindieahon to t 
of lipiodol is tlie presence of an inflammatory prixf-^ irr.o.vmg o 


brain or meninges. 
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So far as the delayed effect of lipiodol is concerned there is more con- 
troversy. Much of the experimental work done on animals would indicate 
tliat there results chronic arachnoiditis at least. There are some reports 
of actual damage to the cord. It seems that in many of these experiments 
on animals relatively larger quantities of lipiodol were used than are ever 
used for human patients. It also would seem that in some of the experi- 
ments the chronic arachnoiditis described might be due partially to^ the 
surgical procedures used in the experiments rather than being entirely 
ascribable to the lipiodol. In the majority of instances in which patients 
were followed for many months or several years after the injection little 
definite evidence could be found to indicate disability due to the presence 
of the lipiodol. Adson^ has observed infrequently a symptom which, in 
his opinion, is due to residual lipiodol. That is sacral pain when the 
patient is standing. This pain is relieved when the lipiodol is removed. 

Many of the cases reported which do show detrimental effect are cases 
in which the injection was made in the presence of an inflammatory process, 
or in which chronic arachnoiditis was present when the oil was injected. 
It does appear that when there is preexisting chronic arachnoiditis this 
process is made worse by the permanent presence of lipiodol. On the other 
hand, Marcovich and his associates'^ mentioned that in some cases in which 


arachnoiditis develops after lipiodol myelography followed by operation, the 
arachnoiditis may be the result of bleeding which occurred during or after 
the operation rather than of the lipiodol. They concluded that “ although 
the cha,nges in the spinal cord and its membrane in animals after intra- 
thecal injection of iodized oil are fairly severe, the constant pathologic 
changes— a slight proliferation of the arachnoid membrane with a few fine 
dural adhesions— in the human spinal cord following the injection of 
iodized oil are minimal. Constant parenchymal changes are not present.” 

Lipiodol remains permanently unless it is removed promptly after its 
injection. Within a relatively short period it begins to extend along the 
nerve sheaths in the lumbar and sacral regions. This part of the lipiodol 
is fixed in the tissues but most of the oil remains free in the arachnoid sac 
unless the membranes have been opened during operation, in which case 
some of the lipiodol escapes into the epidural tissues where it becomes 
fixed. As the result of free movement of the lipiodol in the subarachnoid 
space Garland, as well as Marcovich and his associates, reported droplets 
oi oil in the basal cisterns. Garland’s cases showed some fixation of the 
oil there while in the cases of Marcovich the oil was free. In none were 
tficre any resulting symptoms. 

Tlie fact that lipiodol remains permanent^ is one of the greatest objec- 
tions to Its use. This has been well stated by Camp,® “ .... the history 
ot many patients suffering from conditions of the back is complicated by 
injuries and insurance or medico-legal entanglements .... Resourceful 
malingering patients may use roentgenograms which reveal 
tin ^ f remaining oil as a tangible basis for claiming aggrava- 

n 0 symptoins and such roentgenograms may have a profound effect 
on a sympathetic jury.” 

filial objection there have been endeavors to remove 

•ittonw tely after the examination. In 1936 LucherinF first 

rcDortltf^n f? success. Later Adson^ and Briesen^ 

niotlmfil ! ! i of lipiodol. Perhaps the most successful 

the eentle Hampton.®^ Briefly, this consists of 

usetfln- off the hpiodol through a large needle. This has been 

. thers with considerable success. However, it is quite time- 



690 


rUOGRESS OF MEDICAL SCIKNTE 


consuming, many times it is not completely successful, and soinet lines it i< 
quite unsatisfactory. The complete removal of the lipiodol is usually not 
possible ^vhen the dura is opened during operation, although many dine> 
much of the oil can be removed. It does happen at times that lipiodol i< 
injected accidentally into the epidural space. This has l)een studied by 
Hamby^^ who found that factors which tend to reduce the s])inal fluid pn^- 
sure, especially previous spinal puncture or air myelography, ])redispo>e 
to misplacement of lipiodol. Lipiodol which has been injected epiduratly 
cannot be removed. 


Thus we find that lipiodol yields very accurate results, it allows the exam- 
ination of the entire canal, the roentgcnoseopic examination can be repeated 
later if desired, and it Avill not only localize the lesion hut many times will 
suggest the type of lesion present. On the other hand, lipiodol may 
cause some irritation of the meninges, its removal is diflicult, ami the 
medico-legal aspects of its use must always he considered. 

The value of lipiodol in the diagnosis of true nei^plasms of the spinal 
canal cannot be denied, but there has been discovered a different type of 
lesion of the spinal canal which has stimulated the attempt to replace 
lipiodol with some other medium. This mass, whose imjiortance has been 
recognized only in the last several years, is the protruded interver(el)ral 
disk. According to Love and Walsh,- 91)% of protruded intervertebral 
disks are found in the lumbar region and of these by far the greater part 
occur at the last two lumbar interspaces; 00% according to Scott am! 
Young.^ It is chiefly for this type of lesion that the use of air or oxygen 
myelography lias developed. Air has also been used to define the level in 


cases of complete spinal block. 

Ordinarily, however, air myelography visual iz(\s only the lumbar region 
and is of no value above the 10th dorsal segment unless th<‘re is a hb>ek 
above this segment, according to Camp.^ As he has stated, there are 
certain advantages to its use: '*(1) there is no eontraimliration; (2) the 
air or oxygen is absorbed after the examination; (H) there is no irritating 
cfTect from the injection other than that resulting temporarily from the 
injection; (4) roentgcnoseopic examination is not necessary ami sinee (la* 
findings are recorded on roentgenograms these may he studie^d at the exam- 
iner’s convenience.’’ Camp has enumerateil the following di-advaniace>: 
“(1) the procedure is unsatisfactory for non-obstructing h*>ions alK)\e the 
level of the conus mcdullaris; (2) the sharlows produced with air and defect^ 
revealed by it arc less distinct than those observed when iodized oil i' U'#'d. 
their interpretation is correspondingly more difficult and unh'*^-' tin* exam- 
iner is experienced in the proce^dtire the likelihood of (*rror gn*atlv m- 
creased; (H) the roentgcnoseopic verification of any defect not 
(4) inconclu>ive n^sulis of examination are much more frequent w)i‘*n mr 
is use<I than when iodized nil is uscfl; fo) e\jw*rienee ha'^ sliowii^ tin* re uU* 
of studies imule xvith air (♦’Siiceially wlieii .‘'Ucli n'‘-tilts are Tjegative,^ ar** i* 


accurate than the rt^sults obtainerl with ifKlizeil oil/’ 

TIutc are many who feel that the iiu*tho<! with air i' (pufe r#*h 
ChanilnTlain anrl Voimg**^ rciK>rt»‘fl ea-t*> and *'in every c.a-r in 
operation wa< perf<»rmed the level «>f the h*>ion jireifiefefl after 
rapliy examination was verified at lamineetorny. Air h'»* 

been* misleading as tln-rt* were no in^tanei--; in vhieh tie* rnyi*e‘gram* 
viitiH] a lesion without venfi^-^ithm at fiivratiun/’ iNipi^ ri'* 

air rnvelograpliy quite reliable and refwjrtefl 17 o in v> Ineb ti.« » 5 ,, 

of protruded ilLk wa> inafleand in LV>of uhhdi tie* diagmr e. va^ er.a.. 
at ojK‘n\tion. It wa- Pop[K*n vdio fir-t uw*d otygm 
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myelography. Oxygen is more rapidly absorbed than air and therefore 
there is less distress after its use. Oxygen is now used instead of air very 
frequently. Scott and Young also reported favorably for the use or air 
myelography. However, in none of these series has there been a report 
of the results of operation in those cases considered negative by air myelog- 
raphy. CampS found air to be 83 % accurate in those in which there were 
positive myelographic findings and in which operation was performed. 
However, he found that of those patients on whom operation was performed 
despite a negative finding by air myelography 77 % had lesions. Hampton 
estimated that air will permit diagnosis of only about 50 % of disks. He 
stated, “Air myelography is of distinct value when the findings are un- 
equivocally positive, but it is of little value when the findings are equivocal 
or negative.” 

There is no question that air myelography has definite value but it is 
most important that its limitations be understood clearly. In cases of 
suspected protruded intervertebral disk a thorough understanding of the 
symptoms and neurologic signs associated with that condition is most 
essential. That aspect of the diagnosis is of greater importance than the 
roentgenologic examination. Camp and Addington® have shown that low 
backache with sciatica occurs in a fairly high percentage of cases in which 
there are tumors of the cervical or thoracic portion of the spinal cord. 
Therefore low backache and sciatica alone are not enough to justify the 
diagnosis of protruded lumbar intervertebral disk nor to warrant air 
myelography. The promiscuous use of air myelography for patients who 
have not had the proper thorough clinical and neurologic work-up is most 
dangerous and thus many patients may be submitted to unnecessary and • 
therefore harmful surgical intervention. 

Bradford and Spurling^ have stated that “although the presence of a 
spinal neoplasm is unequivocally an indication for surgical removal when 
possible, the presence of posterior herniation of the nucleus pulposus is 
not an indication for surgical removal unless it has produced incapacitating 
radicular symptoms.” This statement has been supported by the work 
of Horwitz^® who has found, through anatomic studies, the following 
asymptomatic conditions simulating protruded disks at myelography: 
U) posterior bulging of the entire intervertebral disk without localized 
herniation is a common finding in adult cadaver material ; (2) degeneration 
of the intervertebral disk with subsequent narrowing of the intervertebral 
•space may be associated with a settling of the upper vertebral body 
downward and backward on the vertebral body below, so that the postero- 
mferior surface of the vertebral body and the overlying disk material 
project posteriorly into the neural canal. This “posterior displacement” 
may be exaggerated by bony proliferation of this postero-inferior margin; 
w) ^parent bulging of the ligamentum flavum of normal thickness as 
result of marginal bony proliferation of the underlying facets of the 
apopliyseal joints. 

Hiese false deformities apply both to lipiodol myelography and to air 
ni.\ cjograpby but this is especially to be remembered with regard to air 
npelography since that method is being used so freelv in the diagnosis of 
protruded intervertebral disk. 

As has been suggested by many investigators and undoubtedly applied 
appears most logical and if after a complete clinical 
roiT* examination a protruded intervertebral disk in the lumbar 

ugion IS suspected air myelography should be used. If a definite deform- 
^ oiu)( at a level tliat is in keeping wath the neurologic findings, then 
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tlu' <liiiKim^is of protruded di.^k at tliat level can he made. As a matter 
of fact, slight jlyforniitics wliicli a{)j)car in the air inyelo);n*ain can he given 
a Imii((‘(I j^ignificance if these ciefonnitics are compatiI)le with the neuro- 
howev(T, the findings in the air myelograms are not 
(lelinite or not exactly compatible with the neurologic findings, lipiodol 
in\ <‘lograp]!y should lx* employed. Ihis aj)plies also if the air invclogram 
is negative and the elinical pietun* is suggt*stive of a ])rotruded disk. 

It must he aece])tf^h as shown hy Hampton and Kohinson,^^ that even 
with the tise of lipiodol there may he a protrusion of the intervertebral 
disk at the otli lunilmr interspace which will produce a minimal defect or 
none in the 1i]}iodol column. Anomalic^s of the eul-de-sac jls described by 
Camp arid A<Iding(on^ Avill make llic diagnosis of protnide<l luinhosacral 
disk impossible hy myelograjdjy. It l}as been shown that protrusion of 
the intervertebral disk may he intermittent and if myelography is per- 
formt'tl wh(‘n the disk is not protruding the myelogram will, naturally, 
fail to sliow the It^sion. Thus, we must aecej)t the fact that protrusion of 
(lie int<Tvertehrid di>k can o(‘<air without inyelographic evidence. This 
emjduisizes tlie imjH)rtance of the elinical and neurologic examination. 

Datuly*^ recently has advocated the aholition of all contrast myelography 
in the tliagnosis of j)rotruded intervertebral disk. In many places now, in 
cast*s in which th(* clinical picture is typical and clcar-cut, these patients 
are being ojxTated on without preliminary myclograpliy and 'w’ith excellent 
results. It seems that this is applicable only to typical cases and there 
are many cases which are not quite typical in certain respects hut in which 
the patients are found l)y myelography to have protnidcd disks and 
obtain relief by surgical intervention. Dandy opposed myelography 
because he said that small disks and “conceakHi disks’" are not seen at that 
examination. We must frankly acknowledge that no method of contrast 
myelography is always correct, and if the clinical and neurologic picture 
is quite typical arnl exact, then surgical exploration is indicated. This 
has been done in many eases, as reported hy Camp, but this does not dis- 
count the value of inyelographic c'onfirmation in questionable cases. 

In 1031 Lucherini^ described thorotrast myelography. In W3S in this 
coi2ntry Nosik and Mortensem® reported using 4 ee. of a 25% solution of 
thorium dioxide. Later, papers appeared hy Nichols,^ Bunts,® and 
Nicliols and Nosik.** There is no doubt that a most excellent visualization ^ 
of tlie hiinhar subarachnoid space is obtained in this manner. Thorotrast 
is miscible with the spinal fluid and gives a clear-cut outline, even slming 
each nerve sheath almost perfectly, Nosik*^ in 1943 reported his results 
with this medium. His positive diagnoses were found to be 93.7% cor- 
rect. There was found to he 1 1 .1 % error when the myelograpluc diagnosis 
was ncgati\’c. The thorotrast is removed by forced spinal drainage, using 
the method of Kiibie and Retan.*° Ten to 15% of the thorotrast remains 
as a rule and this amount is considered by the Council on Pharmacy and 
Chemistry of the American Medical Association not to have sufficient 
ra(lioacti\dty to produce deleterious effects and to be too feeble to nave 


physiologic significance. . , , 

Even if one is to accept as a fact this contention that the residua 
thorotrast is absolutely harmless, there is a great^ objection to this 
medium, and that is the effect of accidental epidural injection of ' 

tion. Epidural injection occurs occasionally lipiodol and a . 
One must expect it to happen with thorotrast at times. Ihorotra 

iXting to tho tfesiies ond after such «n accident .t caanM b 
CerlaWy the mcdico-IcBal aspect of slid, an occurrence cannot 
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be minimized. Another objection to thorotrast is that only tlie lumbar 
segments and many times only the lower 3 lumbar segments are visualized. 
With thorotrast defects cannot be checked by roentgenoscopy, since it 
casts too faint a shadow to be seen in that manner. Forced spinal drainage 
causes distress and is a troublesome procedure. 

Sanford and Doub^^ have devised a method, called epidurography, 
whereby air is injected into the epidural space in the lumbar region. In 
this way the localized protrusion of the disk is well shown in the lateral 
view. The main objection to this procedure is the technical difficulty, 
which is greater than with other metliods of myelography. There may 
also be danger in injecting air into the vascular bed of the epidural space. 
The method is of use only in the lumbar region and only for protruded 
intervertebral disks. 

Quite recently a new contrast medium called "Pantopaque” has been 
introduced. As yet there have been no reports as to its diagnostic value. 
However, a limited experience with its use may allow one to suggest some 
of its probable possibilities and limitations. This material is an iodized 
oil which is lighter than lipiodol. Since the weight and viscosity are less 
than those of lipiodol it can be aspirated from the arachnoid sac more 
easily and quite rapidly. By using a reasonable amount of care most of 
the pantopaque can be aspirated from the sac immediately after the 
examination, using the needle tjjrough which it was injected. It is said 
that the material which remains after aspiration gradually becomes less 
opaque until finally it is no longer visible roentgenographically. Pant- 
opaque in the lumbar region resembles lipiodol. The shadow cast is similar 
to that produced by lipiodol and the material is manipulated in a manner 
similar to lipiodol. Roentgenoscopic as well as roentgenographic examina- 
tion is used. 

The main disadvantage is that pantopaque is light and not very viscid. 
For that reason small defects may be missed and false defects may be 
produced. Because of the low viscosity the material breaks up into 
globules very easily after it gets above the conus medullaris. This may 
make the examination of the dorsal and cervical regions less satisfactory. 
It would appear, after verj^ limited experience with pantopaque, that it 
may be an improvement over air myelography for the examination of the 
lumbar region but may not be completely satisfactory for the examination 
of the canal above the lumbar region. 

Conclusions. 1. A completely satisfactory medium for contrast mye- 
lography lias not yet been discovered. 

2. For accurate examination of the entire spinal canal, lipiodol remains 
the most satisfactory agent. There are objections to its promiscuous use. 
however. 

3. Air myelography has limited but definite value, mostly for the exam- 
ination of the lumbar region to detect protruded intervertebral disks. 

4. The clinical and neurologic picture is most important in the diagnosis 
of protruded intervertebral disk. Contrast myelography has value onl\’ 
when the findings are compatible with the clinical and neurologic im- 
pression. 

5. “Pantopaque” is a useful contrast agent; but its value cannot yet 
be determined because of insufficient experience with it. 
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Nutrition and Chemical Growth in Childhood. Vol. I, Evaluation. By 

IciE G. Macy, Ph.D., Director of the Research Laboratorj^ of the Children's 

Fund of Michigan. Pp. 432; 66 figs. Springfield, 111,: Charles C Thomas, 

1942. Price, S5.00. 

The Reviewer regrets that it is i\ot possible to do justice to this isolated 
first volume of the complete monograph on the work of Dr. Mac}^ Hoobler 
and her associates of The Children’s Fund of Michigan. Careful study of 
this book makes it evident that the whole project was more comprehensive 
than even the numerous individual papers which have appeared in the past 
decade indicated. This contribution to the literature is so notable that the 
Reviewer undertakes the analysis with hesitation, fearing lest he underestimate 
its value. 

Furthennore a complete evaluation of the project and the data must depend 
not only upon the present book, but also on the second volume yet to be 
published. 

The present volume presents the outline and organization of the project, 
the methods utilized to secure data together with their mathematical treatment, 
a critique of this and all research projects concerned with chemical and meta- 
bolic balance studies, and finally representative data selected from all aspects 
of the work illustrative of results and relationships. In short this work repre- 
sents the most complete, the most meticulous and probabl}^ the most thor- 
oughty reliable study of biochemical growth in childhood. 

Naturally it was fortunate that there was available an organization such as 
the adjacent Methodist Children’s Village in which the subjects to be studied 
could live under conditions approximating home life and at the same time 
pro^dde assurance that food and fluid intakes would be controlled and all 
specimens collected according to plan. 

The investigation of nutrition and chemical growth individual included 
stud}’’ of the intake, utilization and excretion of 18 chemical substances by 
children taken to be as normal as the most reliable selective methods could 
deteimine them. Eleven children aged 4 to 10 years were studied first over a 
period of 95 da 3 ''s; 4 3 ^ears later 11 subjects aged 55 to 104 months were investi- 
gated for 225 days, and 4 ^’^ears later 7 of the same subjects were again re- 
studied for 55 days. (It \s most unfortunate that previous re\news have 
indicated that the studies were carried out on 29 separate indi\nduals, thus 
failing to emphasize the serial stud}'' of the same children, which enhances the 
value of the whole contribution.) 

Although the balance studies comprise the major portion of the work pre- 
sented here, there are also numerous studies of the plwsiolo^c, including 
roentgeimlogic, and chemical aspects of digestion and excretion. Energy 
metabolism is presented in relation to protein, fat, carboln^drate and to the 
requirements for normal growth. 

There is an interesting and significant chapter on the several chemical ele- 
ments of the blood with partition between serum, plasma and cells. 1 he 
f^tudics on the cells are particularh" stimulating since this field promises to be 
fruitful of research in the growth and metabolism of living mammalian cells, 
of which blood cells ma^" be taken as fairlj' representative. 

The chemical methods used are given in detail; those selected for these 
studies being the most ])ractical and j’ct the most precise. To facilitate the 
coinpletion of quantitative determinations as numerous as were required in 
this ])roject, and to ensure greater coordination of results of administrative 
procedures, the ]iolorograph and the spectograph were used. The utilization 
of the imlorograph in research of this t^'pe is succinct h* outlined. These sec- 
tions are most valuable and vill be used for future reference. 
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'riiere is a l)riof l)Ut adequate s(?ctio» coucerned with the methods of com- 
pilation and Timtheiimtical treatment of the experimental data with significant 
examples. 

A fairly complete and ctitirely satisfactory* bibliography of tlie literature of 
related research and (his j)agc index arc accurate and adequate. 

])r. Macy and her associates arc to be congratulated and one awaits with 
interest the publication of the second volume since tlic complete monograph is 
a great accumulation of facts and will be indisponsalde to pediatricians and 
i!ivestigat<ir.s alik<*. E. T, 


Tnn So.VNKTS of SifAKHscKAUK. A Psycho-Sexual Analysis. By H. Me- 
CiAJun Young. Pp. 121. Copyrighted 1937 by H. McClure Young, 217 
Exchange National Bank Bldg., Columbia, Mo. Price, S2.00. 

Tins is an interesting, critical analy.ris of the thesis that tlie Sonnets express 
the poctV reactioii to a love triangle that developed between him, his mistress, 
and his patron, Ilenni* Wriothesly, Earl of Southampton. It is assumed that 
these Sonnets arc numbered in the same orderly sequences in which they were 
written, and that thus they can be date<I between 159G and 1603, and the iden- 
tity of tlie yomig man of the first scries and his escape from execution be estab- 
lished, No light is thrown “on the identity of the Dark Lady, and but little 
on that of the Hival Poet and tlic alTablc familiar ghost/’ The study throws 
more light, if the author’s plausible dcduction.s arc correct, on textual mean- 
ing a!id on Shakcsj>earc’s personality tlian on psycho-sextJal problems. The 
booklet is recommended more to those interested in borderline mcdico-literar)* 
topics than to students of psychiatry. E. K. 


An Atuvs of Anatomy. Vol, I. Upfeu Limh, Abdomen, Perineum, Pel- 
vis, Lowt:r Limb. By J. C. Boileau Grant, M.C., M.D., Ch.B., F.R.C.S. 
(Edin.), Professor of Anatomy, University of Toronto. Pp. 214; 227 illus. 
Baltimore: The Williams & Wilkins Company, 1943, Price, ?5.00. 

Tins is the first volume of a projected 2-'Volume atlas of human anatomy. 
The half-tone illustrations are of dkssections and line drawings, both types 
having color added where emphasis was indicated. Many of the %iews 
selected for illustration arc similar to those seen by* students in the course of 
classroom dissection, the illustrations being, in general, of re^ons rather than 
systems. The drawings were ob\iously made by a skilled artist, with gratify- 
ing attention to accuracy*. For classroom use it is unfortunate that the 
arrangement on the page of some plates necessitates turning the book side- 
way's. No regular descriptive text accompanies the plates. How’ever, on 
each page the author has M’ith appropriate brief observations and cominents 
directed the reader’s attention to salient points. The Binningham rension 
of the nomenclature is used throughout, but w'here this differs substantially 
from the BNA both terms arc given. There is a freshness of viewpoint about 
this atlas which makes it a fitting companion volume for the author’s pre- 
^^ously published textbook. In this Re\TeM'er’s opinion it will occupy an 
important place among books readily* available for students of anatomy, 
whether they* be in the classroom or in practice. B. * 


Doctor Pryor: An Autobiography, By Dr. J. W. Pryor, Pp* 312; 

17 illus. Cynthiana, Ky*.: The Hobson Press, 1943. Price, S3.00. 

Almost all successful physicians have had full lives that have included 
much of human interest. Relatively few, how*ever, can extract from tneir 
e.xperiences a narrative that deserves to appear in print. Biographies are, 
with extremely few* exceptions, more instructive and more reveahng tnai 
autobiographies. 
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This autobiography, to the Reviewer, holds a mid-position and is worth print- 
ing as a sirnple, honest presentation of the life of a simple honest medical teacher 
and practitioner that has influenced many others toward the good, and is 
typical of thousands of the better physicians of this country. It is not sur- 
prising that a distinct cross-sectional view of medical life in the Mississippi 
Valley through the latter part of its formative period emerges. We ma}' 
hope, then, with the author that it will interest and inspire many, though in a 
different way from the great accounts of great figures such as those of Pasteur 
and Osier. 

The offset style of type has good readability and comeliness and is highly 
appropriate for a wartime publication. There are fewer than the average 
number of typographical errors. E. K. 


A Synopsis of Clinical Syphilis. James Kirby Howles, B.S., M.D., 
M.S., Professor of Dermatology and S3T)hilolog3’-, and Director of the 
Department, Louisiana State University School of Medicine; Senior Visiting 
Physician, Charity Hospital of Louisiana at New Orleans; "^fisiting Physician, 
French Hospital, Mercy Hospital, Hotel Dieu, Southern Baptist Hospital 
and Touro Infirmary. Pp. 671; 121 illus., 2 color plates: St. Louis: C. V. 
Mosby Company, 1943. Price, S6.00. 

As the flood of compends on various subjects continues unabated, it is 
necessarj’-, in fairness to the authors, that these volumes be considered indi- 
yiduallj'^ from the standpoint of an attempt to condense masses of material 
into a small space rather than as more complete treatment of the subject. 
Viewed from this angle, Dr. Howies’ “Synopsis of Clinical Sj^philis” can be 
taken as a handj’’, conservative, usuall}'’ impersonal discussion of sj^philology 
with a working bibliography, concise chapter summaries and adequate differ- 
ential lists. 

The illustrations are generally good but have a tendenc}'’ to emphasize 
unintentionally, of course, the erroneous belief that syphilis is chieflj' a disease 
of negroes {J. Am. Med. Asm., 122, 365, 764, 1943). This peculiarity of 
Dr. Howies’ book is obviouslj'" due to the locus of his practice (Charitj’’ Hospi- 
tal, New Orleans). Casual performance of serologic tests in the doctor’s 
office is poor sj^ihilologic practice, yet on page 149 the author recommends tiie 
Johns modification of the Meinicke-Butler test for office use. On page 2S1 
and j>age 285 is a detailed description of sj'philis of the hair and scalp but no 
mention of alopecia associated with neuros3’’philis. Although there is a sec- 
tion on latent or as3Tnptomatic S3^philis, there is no adequate stress on the 
mcrcasing number of patients who are apparently as3unptomatic (s3nnptom- 
lw:s) from the veiy inception of their infection. 

Thi.s book, except for the limitations demanded by brevity, may be evaluated 
as a fair discussion of clinical s3q)hiHs. H. B. 


Clinical Parasitology. B3’ Charles F. Craig, M.D., I\I.A. (Ho.v.), 
F.A.C.S., F.A.C.P., Col., IJ. S. Anny (Retired), D.S.M., Emeritus Professor 
of Tropical Medicine in The Tulane Universit3' of Louisiana, New Orleans; 
and Ernest C. Fahst, M.A., Ph.D., Professor of Parasitolojp' in the Depart- 
ment of Tropical kledicine. The Tulane Univorsita' of Louisiana, Third ed. 
Pp. 767; 284 illus., 4 colored plate.s. Philadelphia: Lea A Febiger, 1043. 
Price, $9.00. 

The third edition of thi.s veiy u.ceful text is entirch' comparable in excellence 
to the two earlier ones. Four full-page colored plates, which illu.«frafe the 
’"wpholog3' of the organi.'nns of malaria in thin and thick blood .''inears and the 
additions to the section of Arthropod parasites, greathv incrc.ase its value. 
It may be said again that the book is certainlv the equal of any in tlio field. 

II. R. 
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Biochemistry of the Fatty Acids and Their Compounds, the Lipids. By W. R. 
Bloor, Professor of Biochemistrj’’ and Pharmacologj', The University of 
Rochester, Rochester, N. Y. American Chemical Societj’" Monograph 
Series. Pp. 386; tables and charts. New York: Reinhold Publ. Corp., 
1945. Price, S6.00. 

Handbook of Tropical Medicine. By Alfred C. Reed, M.D., Associate Clini- 
cal Professor of Medicine, Stanford University School of Medicine; and 
J. C. Geiger, M.D., Director of Public Health, San Francisco, Calif. 
Pp. 188. Stanford University, Calif.: Stanford Universitj" Press, 1943. 
Price, SI .50. 

Atlas of Orthopedic Pathology. By D. M. Angevine, Major, Medical Corps, 
A.U. S., and J. E. Ash, Colonel, Medical Corps, U. S. A., Curator. Pre- 
pared at the Aimy Medical Museum, Office of the Surgeon-General, U. S. 
Army from material in the Registiy of Orthopedic PathologjL Sponsored 
by the American Academy of Orthopedic Surgeons and the American Board 
of Orthopedic Surgeiy, 1943. Pp. 91; many plates. Washington, D. C. 
Price, S5.00. Requests should be addressed to The Curator, Anny Medical 
Museum, Washington 25, D. C. 

Proceedings of the Rndolf Virchow Medical Society in the City of New York. 
Vol. I. Edited by the Publication Committee, Franz M. Groedel, M.D., 
and Bruno Kisch, M.D. Pp. 76 (1942). Published by Brooklyn Medical 
Press, Inc., New York (1943), Price, Sl.OO. 

This new periodical contains 35 articles on miscellaneous subjects, mostly by 
ex-Germans, that were contributed to the 1942 meetings of the Virchow »Society, 
formerly the Deutscher medizinischer Lose ve re in von New York. E. K. 

Synopsis of Tropical Medicine. By Sir Philip ]\'Ianson-Bahr, C.M.G., 
D.S.O., M.D., F.R.C.P., Senior Ph 3 '^sician to the Hospital for Tropical 
Diseases, Royal Albert Dock and Tilbury Hospitals; Consulting Physician 
in Tropical Diseases to the Dreadnought Seamen’s Hospital, London; 
Director, Division of Clinical Tropical Medicine, London School of H 3 'giene 
and Tropical Medicine; Consulting Plysician to the Colonial Office and 
Crown Agents for the Colonies; Consultant in Tropical IMedicine to the 
Admiralt 3 '- and to the Royal Air Force, etc. Pp. 224; 5 plates. Baltimore; 
The Williams & Wilkins Compan 3 '’, 1943. Price, S2.50. 

Microscopic Technique in Biology and Medicine. 63 ’’ E. Y. Cowdrv, Prof&^^sor 
of Anatom 3 '', Washington Universit 3 ’', and Director of Research, The Barnard 
Free Skin and Cancer Hospital. Pp. 206. Baltimore: The Williams & 
Wilkins Compaiy, 1943. Price, S4.00. 


NEW EDITIONS 

Biochemistry for Medical Students. By Willia.m Yeale Thorpe, M.A. 
(C.\NTAB.), Ph.D. (Lond.), Reader in Chemical Ph 3 -siolog 3 ', Univcrsit 3 ' of 
Binningham. Third ed. Pp. 476; 39 illus. Baltimore: The Williams A 
Wilkins Compan 3 ', 1943. Price, .$4.50. 

dw Introduction to Medical Mycology. B 3 ' George M. Lewis, M.D., Member 
of the American Dennatological A.ssociation, Inc.; Fellow of the American 
College of Plysicians, of the American Medical Association and of the New 
York Acadeny of Aledicinc; Member of the New York Dennatological 
SocioU' and of* the Manhattan Donnatologic.al Society; Associate Attending 
Ply.^ician (Dennatolog 3 ’), The New York Hosjiital; A.s.sistant Prnfe-«or of 
Clinical iVIedicine (Dcnnatolog 3 '), Cornell Universit 3 ’ Medical School; 
Attending Dennatologist to St. Clare's Hosiiital; Visiting Dermatologist to 
Welfare Hospital, etc.; and Marv E. Hopper, M..S.. Research Follow in 
Medieine, Cornell Lmiversit 3 ' Modieal School. Second ed. Pp. 342; 
77 plates (1 in color). Chicago: The Year Book Publishers. Inc., 1943. 
Brice, .$6.50. 
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77/f Compknl Pcdialndmi. By W. C. Davison, Professor of Pediatrics, Duke 
university School of Mcfiicine, Fomierlv Actinp: Pediatrician in Charge 
Tiic Johns Hopkins Hospital. Fourth cd. Durham, X. C.: Printed bv 
Scenian Printers- for Duke University Press, 1943. Price, .?3.75 by check 
or .?4.00 on credit. 

Phpdohgy of the Ncrroiis Si/stcni. By John FAUQUiun Fulton, 
D.Pmi., D.Sc. (O.vo.v.), S.B., M.D. (Hauv,), Sterling Professor of Physiol- 
ogj’, Yale University, Formerly Fellow of Magdalen College, O.vford. 
Second eel. Pp. 014; 111 figs.^ London, New York, Toronto: 0.vford Uni- 
versity Prc.«s, 1943. Price, S9.00. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 

.Ma .vtTr*cniinr« intoiulctl for publication in tlic Amkhican .TounxAL of the Medic.il 
ScTEN'cr.j*, and corrcspondonco. j^hould bo 5cnt to tlic Editor, Dn* Edwaud B. Knciffi- 
HAAii. School of Medicine, University of PennsyJvaum, Philadclpln'n 4, Pa, Articles 
arc accepted for publication in the Amehican Jorns-AL or the Medical Sciences 
exrlu.'<ively, except in the ease of .«ub.‘^cqticnt publication in Society proccedinps. 

MAM*i«cntrTs should be t>'i)e\vritton on one side of the paper only, and should be 
double spaced tvith libera) njarpin.*?. The nut horV chief position and, rrhen possible, 
the Department from which the work is produced should be indicAitcd in the subtitle. 
lu.usxnATio.vs arcompanyinR articles should bo numbered and have tj'ped captions 
heariuK corresponding numbers. For idcntific.ation they should also have the author's 
name written on the margin or bark. The recommciuLations of the American Medical 
Association Stylo Book should bo followed. Rf-feren'ces should he numbered and at 
the end of tlie articles, arninpcd alphabetically acconlini: to the name of the first author 
and should be complete, that is, author’s name, journal, volume, pai:e and year {in 
Anibic numbers). 

Return Postaoe .sliould accompany all manuscripts but wll be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBtTTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we have changed the size of 
our t5'pe page for the “duration” to efFccfc an economy in the amount of paper used. 
Wiile there is a smaller number of pages, the amount of material has not been noticeably 
reduced. 

We hope that any unpleasant effect produced by cutting dou*n the margins will be 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but wo are loath to change any more 
tfmn absolutely necessary, a format that has existed practicallj* unchanged since the 
Journal began in 2S20. 

For the balance of the ^^*ar, 150 reprints will be supplied gratis. Covers will be omitted 
on all articles. In ordering additional reprints, we will suppb^ in multiples of 150^. 
This modification is for the same reason ns the change of format, t. c., conservation of 
paper. 


NOTICE TO SUBSCRIBERS AND ADVERTISERS 

Wc desire to secure soveml copies of the March and May 1943 
numbers of this Journal, in order to comply with requests and 
need for roplacomonts in long library “runs.” The war situation 
has made it impossible to print extra numbers to supply this 
demand. Wc would be very grateful to anyone who would return to 
the Publishers any unmutilated copies of these numbers for which 
they have no further use, and we w^ould be glad to repaj’’ postage. 
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GRADENIGO SYNDROME COMPLICATED BY PNEUMOCOCCIC 
MENINGITIS; RECOVERY AFTER INTENSIVE TREATMENT 
WITH PENICILLIN AND SULFADIAZINE 

By Lewellys F. Barker, M.D.* 

BALTIMORE, MD. 

(From the Medical Clinic of the Johns Hopkins Hospital) 

Though the Gradenigo syndrome (otitis media with head pains and 
paralysis of the 6th nerve on the same side) is less rare than was 
formerly thought, the case reported here is of especial interest because 
of the pneumococcic meningitis that developed and the favorable out- 
come under intensive treatment with penicillin and sulfadiazine. 

Case History. The patient, a white woman, aged 35, an inspector in a 
manufacturing plant, entered the medical serwce of the Johns Hopkins Hospi- 
tal on January 8, 1943, in a state of coma. 

Fa?nt7?/ History. Has no bearing on the case. 

Pretfious History. Aside from the ordinarj’- diseases of childhood the patient 
f ® fairlj" good general health. She suffered from several attacks of 
tonsulitis and 6 years ago had her tonsils and adenoids removed. She has had 
occasional headache and wears glasses for reading. Her habits have been good 
and she has worked steadily at her occupation until the present illness. 

I resent Illness. Tavo weeks before admission the patient developed a cold 
With sore throat and occasional stopping up of the ears. On Jamiaiy 2, on 
rcumnng from Avork, the right ear ached. She developed general malaise and 
headache and Avas giA^en drops to put into her ears bj" a local physician. At 
night she began to Ammit, dcA'^eloped fcA'er and had a chill. The next d.nA- 
she remained in bed but at night became delirious and her local jiliysician 
hnding a temperature of 105.5° F. gaA’-e her sulfathiazole, 1 gm. e\'ory 2 hours. 

to persistent Ammiting not much of the drug Avas retained and the 
medication Avas stopped. The vomiting persisted, the patient remained in a 
seniidclirious state, and on Januarj^ 6 AA'as taken to the South Baltimore Gen- 
eral _ Hospital. _ The temperature AA’as then 105° F, and on account of the 
persistent delirium lumbar puncture AA’as done and the cerebrospinal fluid AA-as 
^0 be cloudy and to contain 3300 cells, P.M.N. predominating. She 
'as then sent to the Johns Hopkins Hospital for treatment of the meningitis 
for further study. 


ii 11 yellow pus on conjunctiva. On moving the head the eyes remain 

isniall, equal, react to light. Right optic disk slightly ha^y and veins 

Dr. Barker died July 13. 1013, a few months after submit tine thi< nianu^crip?. 
''OL. coo, KO. C—DUCKMBCn, 1043 


Hr. on Admission. Temperature, 104.4 F.; pulse rate 

to; respiratorj" rate, 24; blood pressure: 120 systolic, 75 diastolic. Well 
^c\ eloped and wclLnourished. Scmicomatosc but rcsjionds to painful stinmli 
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mUicr full. Loft optic disk uonnak Kight aural canal inflamed; drum 
uijcctcd aticl bulging. Pressure over the right mastoid causes pain. Purulent 
exudate in nose. Herpes on right check and on left upper lip. Heart and 
lungs negative. Abdomen negative. Bladder partially distended. Keck 
rigid on forward flexion and on rotation. Kernig sign bilaterally positive. 
Bnulzinski i)Osltive. Otlicr reflexes negative. 

Lnhoraforj) Tests . Blood on admission showed a leukocytosis (white count, 
20,200), Urine contained allmmin on admission but soon became normal 

An car, nose and throat consultant found pus draining from sphenoids, 
cthmoicls and both antra. 

Examination of the .spinal fluid sent from the South Baltimore General 
Hospital revealed ])neumococci within the ])us cells. 

On the following day there was com})letc paralysis of the right ner\iis 
abducons and I)eginning ])araly.sis of the right nervus facialis. 

Diagnosis. Purulent sinusitis with extension along the right Eustachian 
tube to the car causing right otitis media, right mastoiditis and right petrositis 
with the development of pneumococcus meningitis and paralysis of the flth 
and 7th ccrcl)ral ncrvc.s. 

Treatment and Further Course. At 1.30 a.m. on January* 7, 20,000 units of 
sodium i>eniciirm (Florey) were given intravenously. At 2.15 a.m. luiabar 
puncture was repeated, 3040 white cells found, 04% pohnnorphonuclears, and 
5000 units of penicillin were given intrathccally. 

The culture that had been made on the preceding day from the spinal fluid 
.showed a pure growth of ])ncumococci, Type 25, and a blood culture made on 
JauuarA^ 7 also revealed Type 25 pneumococcus. 

At 3.30 A.M. on January 7, 15,000 more units of penicillin were given intra- 
venously. Roentgen ray of the skidl made on this da}^ showe<l no evidence of 
destruction M'ithin tlie mastoid, hut at 4.30 a.m., 1500 cc. salt solution and 
500 cc. of 5% glucose u'ere given intravenously and mATingotomy and simple 
mastoidectomy on the right M’ere i^erfonned. Tlie mastoid was found to be 
markedl}^ infected and u'as necrotic. 

At G.OO A.M., 1 hour after tlie completion of the operation, 15,000^units of 
sodium penicillin "were given intravenously and the same amount at 7.30 a.m. 
and at 9.30 a.m. 

At noon on Januan' 7, 6 gm. of sodium sulfadiazine Avere given intravenously 
along with 500 cc. of citratecl blood. The patient continued to look gravely ill 
the e 3 Ts were fixed and directed to\vard the left. Another lumbar puncture was 
done at 5.00 p.m. on that da 3 \ The white cell count in the cerebrospinal fiiud 
had alread 3 ^ decreased to 6400 and culture made from the fluid on this day 
and from the vein remained sterile. The sulfadiazine level in the blood on 
Januap” 7 M'as 17.6 mg. per 100 cc. At 8 p.m. on that da}" 3 gm. of sodium 
sulfadiazine u'ere given intravenousl}" along ndth saline and 5% glucose solu- 
tion. On Jnnuar}’^ 8 at 1 p.m., 5000 units of sodium penicillin w^ere given intra- 
thccall}' and 2 gm. of sodium sulfadiazine along with glucose and saline 
M^ere given ^ntTavenousl 3 ^ The sulfadiazine level in the blood was 1L6 mg. 
per 100 cc. There u-as a lessening of the depth of the coma, complete Gtn 
nerve parab^sis on the right and some M'eakness of the right facial nerve. 
Facial herpes continued as did the rigidity of the neck and the positive Kemig 


sign, . . 

At 11 P.M. on Januar}" 8, 5000 units of sodium penicillin v-ere given intra- 
tbecally and 2 gm. of sodium sulfadiazine intravenously. An hour later, 
5000 units of sodium penicillin M’ere given intrathccally. , 

On January 9, the udiite count in the cerebrospinal fluid v’as 7480; 5000 units 
of sodium penicilliu u^ere given iiitrathecally. i 

The patient began to improve rapidly, the temperature fell, she recognize 
people and talked Avith them but had occasional delirium. On tins oa} 
total of 8 gm. of sulfadiazine were given intravenously 
On Januaiy 10, the temperature had become normal and the patient tai 
rationally. Six gm. of sodium sulfadiazine Avere gh^en by clysis. 
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On January 11, 5000 units of sodium penicillin were given intrathecally and 
the sulfadiazine level in the blood was 6.2 mg. per 100 cc. 

The right facial paralysis had become more marked and the parah^sis of the 
right nervus abducens persisted. 

On January 13, the patient complained of diplopia owing to the persistence 
of the right abducens paralysis. 

Thereafter the patient continued to do well except for the persistence of 
paralysis of the nervus abducens and of the nervus facialis on the right. The 
penicillin and sulfadiazine were discontinued. It seems probable that the 
patient will recover later from the paralyses of the nerves. 

Comment. The patient has been very fortunate in making such a 
good recovery from a pneumococcus meningitis. Until recently this 
disease has almost always proved fatal, though. with the advent of 
the sulfonamide drugs many patients have recovered. In this case 
both penicillin and sulfadiazine were given in very large doses. In 
how far to attribute the recovery to penicillin, on the one hand, or to 
.sulfadiazine on the other, or to both, is anyone’s guess. Penicillin is 
known to have remarkable antibacterial powers against Gram-positive 
bacteria. Sulfadiazine is the safest of the sulfonamide drugs and it is 
unfortunate for the civilian population that temporarily the U. S. Army 
has had to take up so much of the supply that civilian hospitals for 
the present are asked to use other sulfonamide preparations as far as 
possible. 


THE FEVER CURVE OF THERAPEUTIC FADS* 

By 0. H. Perry Pepper, M.D. 

PBOFESSOn OF medicine 
PHILADELPHIA, PA. 

(From tlic Univei'sity of Pennsylvania Scliool of Medicine) 

It is, of course, all important that new therapies should be dis- 
covered, introduced into medical practice, and e\'aluated by actual 
use, for only in this way will the treatment of disease impro\’e. How- 
ever. it is unfortunate that almost every new therapy seems to have to 
suficr a similar fate at the hands of the medical profe.ssion. Each 
seems to have to run the gamut of overenthusiasm, disillusionment and 
neglect. Such a course of events appears at present to be inherent and 

inevitable. 

One might draw a graph of the progress of a therapeutic fad just as 
one ])lots the fever curve of an infectious disease. The course of the 
graph will, in many instances, prove to be characteristic and rccogniz- 
al)lo, just as medical science has become familiar with the typical 
cour.se of many fevers and can, from the fever curve, diagnose not only 
the morbid entity but the stage of the disease and sometimes deduce 
^'omething of the prognosis. 

_ l.vplioid fever is the classical e.xamplc of a disease with a character- 
'^tn. fever curve, familiar, from extensive experience, to all but the 
.voungest doctors. Three phases are recognized in the fever curve of 
t.vphoid— the stage of invasion with its daily rise to a higher evening 

* Addros to the UndcrpniduHtc Mcdicjil Associntion, Mny 20. 
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peak; secondly,^ the high maintained fever of the fully established dis- 
ease, the fastigium; then when all goes well the fever commences to 
oscillate as the so-called amphibolic stage is reached. Finally, the 
falling curve of defervescence drops below normal for the first weeks of 
convalescence until all is restored to normal physiologic health. 

a newly recognized disease is defined it takes much stud}' and 
many observations to enable us to know its topical course and symp- 
toms. Once learned, however, we can make use of this information 
about the new just as we do in our old enemy tj^phoid fever. Could we 
perhaps think of a tlierapcutic fad as an epidemic infectious disease; 
could we by studying its course and beliavior learn enough of its fever 
curve to diagnose it early, to recognize its state and even to prophesy 
its future? If we could do this wc might be less readily swept away by 
each new fad; wc iniglit avoid the complications and dangers which are 
likely at the height of the fever; we might escape the later disappoint- 
ment and remorse which should be the punishment for our loss of 
common sense and critical judgment. Altliough it may be stated 
parenthetically, such remorse docs not seem to weigh ver}' heavily on 
most of us ; once the fad is dead, its evils are forgotten. This is fortunate 
for the physician's peace of mind but not for his scientific grox^lh nor 
for his future patients. 

An infectious disease picture is the result of interactions between the 
causative agent and tlie host. A therapeutic fad is equally so. There 
must occur a period of invasion after the introduction of a new therapy 
during wJiich occur prodromata in the form of reactions of interest 
displayed by tl)e host. After a varying period the actual onset of the 
fad takes place with rapid spread in the use of the new medicament and 
a feverish interest in it. Soon the disease is at its height. The S3"mp- 
toms, in a classical instance, include at this stage an unwarranted 
enthusiasm for the curative effects of the new drug or treatment, an 
extension of its use for all sorts and kinds of ailments quite foreign to 
the claims of the original discoverer. Soon a delirious euphoria develops 
which sees the new therapy as a panacea for all ills. At this stage, the 
mind and reasoning power of the profession seem to be obtunded. 

One factor which raises the fever of tlie fad to even higher levels is 
the publication of reports of remarkable therapeutic results claimed for 
the metJiod. Unfortunately, these reports are frequently liasty and 
ill-considered. The authors often are honest but deceived in their 
enthusiasm, attributing to the therap}' of the moment benefits whidi 
may, in fact, be due to the psychotherapeutic influence of this same 
enthusiasm, or to associated items of treatment such as rest and diet. 
Where everything is being done for a patient, it is risky to give credit 
to anj'* one procedure. One must be careful not to fall into the common 
error of ''post hoc ergo propter lioc" reasoning. Improvement after a 
certain treatment does not always justify ah assumption of therapeutic 
relationship. 

Neither the fever of t}q)hoid nor the frenzy of the fad ends by crisis. 
The maintained height of the curve is broken by increasingly sharp 
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falls with slowly returning consciousness and common sense. Reports 
of therapeutic failures and of toxic effects begin to appear. Criticisms 
of the method multiply until finally the good results obtained in certain 
cases are lost sight of and forgotten. It is not appreciated that the 
successes occurred only in properly selected cases, the failures in all 
others, for at this stage the criteria for proper selection are not clear. 
Unjustly, therefore, we turn against the method altogether, we forget 
its real value and discard it completely. The fever is now “broken,” 
it is below normal and the disease is over. Convalescence is slow. 
After a kind of negative phase of complete inactivity, interest slowl;^' 
returns through some reappraisal of evidence or impro\’eraent in 
method. And final restoration of health is reached when only a proper 
and judicious use is made of what was once a frenzied fad. 

This may all sound fanciful and forced but the history of medicine 
records innumerable instances of therapies which have run just such a 
fever curve. And anyone who has lived some years in medicine has 
seen such incidents and has probablj'- experienced it himself although 
it may be difficult for him to believe that he was ever so deluded. Let 
us choose a few examples. 

Venesection is, of course, the most familiar example. Used without 
clear indications throughout the middle ages, its abuse came to a 
height with Benjamin Rush and the epidemics of yellow fe\mr in Phila- 
delphia toward the end of the 18th century. That any of his patients 
recovered amazes us today, as we read of the repeated large bleedings 
to which they were subjected. 

When the pulse “acts with force” 10 to 20 ounces were removed; 
when the pulse was weak it was better to take only a few ounces at a 
time, repeating the process .3 or 4 times a day. But “if the state of the 
pulse be our guide, the continuance of its inflammatory action, after 
the loss of even 100 ounces of blood, indicates the necessity of more 
bleeding, as much as it did the first time a ^min was opened.” 

And yet it all seemed so logical to Rush ! As the blood settled in the 
bleeding bowl a buffy coat or, as it was called, “size” was formed. 
When tins was thick it was sure evidence of noxious matter in tlu' 
blood and, therefore, a clear indication for further bleeding. Toda\- we 
know that this increased “size” of the blood was due to rapid sediment- 
ation of the red cells as seen especially in infections, pregnancy and 
anemia. It was accordingly in infectious diseases and pregnancy that 
the fad of venesection rose to its greatest heights. .Also it is obvious 
to us that the more one bled the more anemic the blood, the more 
rajud the sedimentation, the thicker the bufiy coat and the clearer the 
indication for further bleeding. To quote Rush himself— “Blcerling 
should be repeated while the symptoms which first indicated it con- 
tinue, should it be until four-fifths of tlie blood contained in the 
body are drawn away.” What a logical but tragic vicious circlel 
It took a century before venesection recovered from these unwise 
exec.sses; the indications for venesection had to be reappraised before 
the method found its proper level of usefulness. 
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Ikiijuiniti Rusli may seem so long ago that one may ask whether this 
century iias seen any such therapeutic fads. The answer is a strong 
afTirmativc. For example, on the completion of my internship in 1910, 
I started to work in the Medical Outpatient Department of the Uni- 
versity Hospital. ]\Iy chief was an enthusiastic believer in the virtues 
of T^hiosinainine. Fhe fact that you have never heard of this drug 
does not alter the fact that in 191.3 the Index Catalogue of the Library 
of the burgeon General’s Office, L . S. Army, recorded 76 articles and 
4 books on the therapeutic uses of thiosinamine. It was believed to 
relax scar tissue wheresoever it iniglit be; it was especially useful in 
stricture of tiie esophagus and in mitral stenosis. IMany the case of 
rheumatic carditis I was made to listen to in order to record the im- 
jirovcment as the drug relaxed the stenotic mitral ring. As I think 
back to those days and develop my thesis in this essay, I almost find 
myself wondering whether there might not be some grain of value in 
this long neglected drug. 

•All tlie fads, liowever, have not been on the medical side of the house, 
'riic past half centur\' has seen a number of surgical procedures, for 
what one migiit term neurasthenia, be introduced, rise to popularity 
and be abandoned as useless. Two of these, nephrope.xy and gastro- 
pexy, seemed at least to find some justification in the easily demon- 
strable ptotic position of the respective organs. Unfortunately, the 
logic that the nervous state was the result of the ptosis and would be 
benefited by restoring the fallen organ to its normal position was 
wholly fallacious. 

The cart was far in front of the horse, for as we now know the pri- 
mary trouble is the relaxed nervous tone of the patient and the ptosis of 
the abdominal viscera is but one manifestation of this, and certainly 
not the causative factor. IHany have demonstrated that the position 
of the stomach in such individuals varies in both directions with the 
level of vasomotor and nervous tone. It is hard to believe in retrospect, 
how sure we all were of the good results of this useless surgery, and it is 
amazing how difficult it is to forget such useless knowledge as the 
technique of gastropexy which was much emphasized by prominent 
teachers to us medical students of those da\'s. Of course, it is obvious 
tliat everyone was carried away by the apparent reasonableness of the 
procedure and was self-deceived by the not infrequent temporary 
benefits due in all probability to the psychotherapeutic effect of the 
operation. Any similarly spectacular treatment might have done as 
well. Like all such fads this one ran its course and was abandoned. 
But as always, another was ready to take its place. 

One of tiie most virulent attacks from which the profession has 
suffered, not to mention the thousands of patients, was the fad of 
intestinal autointoxication. This was no single frenzy for it resulted m 
many secondary or complicating troubles. It again seemed so logical 
and reasonable; toxic matters must be formed in the gut, their absorj^ 
tion must obviously cause any or all sjonptoms. The degree and kind 
of this process could be estimated by the degree and exact tint of the 
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indican reaction in the urine— light or dark green, blue or bluish green. 
From this start, the fad followed obvious roads leading to the absurd- 
ities of “high colonics” carried out in cubicled offices resembling stables 
with many stalls. When this field began to fail, these cells were found 
equall}^ convenient for the similar nonsense of duodenal lavage. The 
same honest but self-h3^pnotized phj^sicians, often the same patients— 
the only change the tube and the orifice. 

At least these results of the autointoxication theory were relativel.v 
liarmless, but the fever had to rise to higher levels. If the colon was 
the site of this production and absorption of toxic matters, what more 
sensible than to remove the offending part? Incredible as it sounds 
toda,v, this was advocated and done b,y not a few leaders of the profes- 
sion, sometimes with a high operative mortalit3^ This fad is now as 
dead as some of its victims. One ma.y sa.v that medical science must 
advance b,y trial and error— but in this case the error seems to ha\'e 
been on the inexcusable side. 

Sometimes a therapj'', medical or surgical, remains improperh' thrown 
into the discard because at the time it is not possible to discover the 
correct indications for its use. In this situation is Edehohl's operation 
of decapsulation of the kidne}^ First introduced for so-called “neph- 
ralgia,” it was later used more logically to relieve tension within the 
renal capsule in the hope of obtaining diuresis in cases of anuria and 
nephrosis. The results were occasionall.y spectacular, but far more 
often no benefit ^vas obtained. It ma.v ,vet be re\dved as a method of 
cutting the s.ympathetic nerve suppl.y to the kidney' in cases of h^-per- 
tension. 

In such a situation the probable explanation is that this particular 
operation should onl.y be performed in one selected group of cases, 
which we as 3^et cannot distinguish from the larger group. This is 
'vhat is happening toda.y to the surgical treatment of h.ypertension. ^Ve 
have seen the therapj'' introduced, have read man.v glowing reports of 
cures and are now in the stage of being disillusioned b,y frequent failures. 
It looks todaj'- as if the therap.y was about to be dropped b^: all but the 
die-hard enthusiasts. There is no doubt whatever that in a ver.N' few 
patients the method gives remarkable relief. But in whicli patients? 
How does one select them? It is not enough to sa.v that the.\' must be 
»i condition to withstand the surgery, we must learn to divide the cases 
of h.vpertension into their different etiologic classifications. Then and 
then onl.v, will we be in a position to select those who will respond to 
!>urger\-. We cannot expect a surgical operation to cure all patients 
'vith what in the final analysis is onl.v a s.vmptom and one which results 
from more than one cause. 

I'hese are perhaps enough e.xamples from the past— but it would be 
ca.s.v to mention others such as the tonsillectom.v craze which at one 
tune, not so long ago cither, aj)proachcd the violence of the Dancing 
Mania of the Middle Ages. Even toda.v the now well-cstablishe<l 
uidications for removal of tonsils are not alwa.vs re.s{)ectetl. Dental 
extractions are al.^Jo finding their proper indications but the removal of 
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impacted molars, merely because they are impacted, or the patient 
anemic or neurasthenic, still goes on merrily. In all such situations 
the great need is a clarification of the therapeutic indications, the great 
danger that lacking such proper control of its use it will cause disap- 
pointment, be considered useless thus denying its help to the few whom 
it would benefit. 

Was there really no \drtuc in strychnine in spite of the tons pre- 
scribed by honest physicians to the depressed, the asthenic and the 
convalescent? Does calomel deserve its present oblivion? Thera- 
peutic nihilism comes from repeated disillusionment. To avoid this, 
we must try to diagnose our current fads, to recognize the misuse of 
new therapies in time to prevent the excesses which lead to disappoint- 
ment and discard. Let us look at the therapies of today with a critical 
eye. 

It is safe to assume that at almost any given moment the medical 
profession has Just recovered from one fad, is suffering actively from 
another and that still a third is incubating. Can we possibly see our- 
selves sufficiently clearly to recognize these? '\\Tiat stage of the vitamin 
fad are we in today? It must certainly be at its height for it would seem 
impossible for more patients to take more vitamins than is the case 
now. We must be approaching the end of the fastigium and soon will 
see the fevered excesses cease and the use of vitamins tend to be 
neglected until placed on a reasonable basis. 

Advertising of vitamins must also, it would seem, be at its apogee. 
Commercial advertising cannot be blamed for the therapeutic fads of 
the medical profession but it is surely a contributing factor, just as the 
delirium of fever will be more violent in those much addicted to alcohol. 
Let us not allow ourselves to become too subject to the influence of 
alcohol or of advertising, however honest, lest we reap the whirlwind in 
our ne.xt fever or fad. Advertising and alcohol are both excellent 
things within reason. 

What of the sulfonamides? It seems inconceivable that any of our 
enthusiasm for these medicaments will ever be looked back on as a fad. 
The evidence is too conclusive, the logic is so sure. And yet were we 
not just as sure of our facts in tlie period when we cured meningeal 
infection with the formaldehyde given off in the spinal fluid by admin- 
istered urotropin? Read the literature on the treatment of septicemia 
and puerperal sepsis by intravenous mercurochrome. The problem 
was solved and yet the method fell into disrepute long before sulfanil- 
amide was available. 

As usual we feel sure of our ground with regard to the sulfonamides. 
We believe we know something of the mechanism by which this series 
of substances act in bacterial infections and as usual everything is 
logical. But now we are being led to believe that the sulfonamides are 
equally curative in certain virus diseases. Does what we know of the 
viruses make it probable that the antibacterial mechanism of the 
sulfonamides would also be antiviral? If not, can it be that we are at 
the old game of deceiving ourselves— impossible, of course— as usual. 
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At any rate we must admit we are going too far in our administration 
of the sulfonamides. Fever is, for many, a sufficient indication for a 
trial of some sulfonamide, and yet the sulfonamides cause fever and we 
are off on a vicious circle not so different from that followed by Rush. 
Because sulfonamides act in some infections they are tried in all infec- 
tions— especially today in the virus pneumonias to the discomfort of 
the patient and the waste of not too abundant sulfonamide. 

We have reached the stage at which reports of toxic effects and 
therapeutic failures are appearing in the medical press. We need not 
here review the toxic manifestations but some are serious and even 
fatal, nor the causes for failure other than the sulfonamide-resistant 
strains of pneumococci and even gonococci. Warnings against the 
promiscuous use of sulfonamides are now appearing. It seems impos- 
sible, of course, that any of these factors should ever swing the pen- 
dulum to a neglect of the obvious value of these chemical drugs— yet 
let us not be too complacent— there is many a precedent for behavior 
almost as absurd. 

We have touched on a few of the therapeutic fads of the past; we 
have cast a bilious eye on the fads of the present— but what new fad is 
incubating prepared to start us on someieverish episode? Perhaps it 
will be still another anti-bacterial derived from moulds, perhaps an 
almost instantaneous cure of syphilis or even of all venereal diseases, or 
shall we all be breathing triethylene glycol many hours a day— e\'en 
wearing masks to enable us to do so when we are out in the dangerous 
Iresh air. Prophecy is always difficult fnd, wdth regard to fads, 
impossible. 

The most we can do is to be on the alert to recognize the next in its 
incipiency. We must diagnose it early from its characteristic symj)toms 
and course. 

We must keep a w'atch upon ourselves constantly lest we follow tlie 
same roads that we have before. We must be critical and even skeptical 
without losing our optimism or our openmindedness. We must scru- 
tinize our therapeutic achievements to be certain they are surely due to 
the therapy we praise and not to insidious subtle psychotherapeutic 
effects unintended and unsuspected by ourselves. We must be sure our 
good results are not due to good associated care, diet and rest, or even 
to that very real force the “vis medicatrix naturae.” If we are sure of 
the action of a therapy we must remember that it will be specific or of 
benefit, only in certain cases and we must not be led to try it in all. 
bet us try to judge matters for ourselves and not merely follow tlie 
herd blindly. 

Finally, let us admit that we are human and have all the frailtic.-^ of 
our predecessors and contemporaries in medicine. If we start with this 
premise we shall come more humbly to a self-correcting realization of 
our own lack of resistance to therapeutic fads. None of us is immune— 
but if we can recognize the danger we can perhaps avoid the contagion. 
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THE DETRIMENTAL EFFECT OF FREQUENT TRANSFUSIONS 
IN THE TREATMENT OF A PATIENT WITH HEMOPHILIA 

By F. L. Munro, Ph.D. 

nKSEARCn CHEMIST 
AND 

Harold W. Jones, M.D. 

PROFESSOR OF CLINICAL MEDICINE AND HEMATOLOGY 
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(From The Charlotte Drake Cardeza Foundation, Division of HematoIop% Jefferson 
Medical College and Hospital) 

Many agents have been recommended for the treatment of herao- 
philia, but with one exception they liave not stood the test of time. 
This exception is transfusion of blood. Most discussions of the treat- 
ment of hemophilia agree that a transfusion of normal blood, plasma, 
or fractions prepared from plasma-"® results in a definite though trans- 
ient improvement in the condition, usually lasting 2 to 6 days. 

Until recently the technique of blood transfusion was sufficiently 
complicated to restrict its use in hemophilia to acute manifestations of 
the disease. The availability of this form of therapy lias greatly 
increased in the past few years because of the development of blood 
banks. It has, therefore, become feasible to use transfusions as a 
therapeutic agent much more frequenth% without restricting tlieir use 
to emergencies as pre^nously. 

So far there has been no indication that the use of frequent transfu- 
sions in treating hemophiliacs is contraindicated in any way. Observa- 
tions which we have made on one case of hemophilia indicate, however, 
that both from a clinical standpoint, and from the aspect of clotting 
time, repeated transfusions of either whole blood or plasma lose their 
effectiveness in alleviating tlie condition, and even possibly have a 
detrimental effect. These observations extend over a period of about 
4 years during which the patient received at least 3000 cc. of whole 
blood and 5000 cc. of plasma. The plasma used was in various forms, 
either prepared from freshly drawn blood, from 4-day old bank blood, 
or from lyophilized plasma restored to its original volume. During 
the latter part of this period detailed records were kept on the blood 
coagulation time and clinical condition of the patient, but for the earlier 
part detailed records are missing. 

The patient under discussion is a hemophiliac, aged 36, with a 
family history of the maternal grandfather and second cousin both 
manifesting tlie disease. His history follows the usual course of 
hemophilia in a moderately severe form. He has had hemorrhages 
into various joints with resulting ankylosis of both elbows, the left 
knee and the right ankle. On frequent occasions since the age of 18 
he has had hematuria due to hemorrhages originating in the kidneys. 

The period covered by this report commenced in Augpt, 1939, 
when he was admitted to the hospital due to a hemorrhage in the left 
thigh compressing the sciatic nerve. At this same time a severe hema- 
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turia developed and a transfusion of 500 cc. of citrated blood was given. 
This failed to stop the hematuria and was followed by transfusions on 
3 successive days of. 50 cc. of plasma. Following this the hematuria 
stopped. 

At that time it was decided to obtain a quantity of normal plasma 
and preserve it in the lyophile state for therapeutic use. Approxi- 
mately .450 cc. of plasma were lyophilized in 25 cc. lots. As the need 
arose, indicated by the appearance of hemorrhages, 1 or 2 of the 
vacuoles were restored to the original volume and injected intravenously. 
During the year that this supply of dried plasma was available it was 
given on the average of ortce a month. While no record of blood coagu- 
lation times were kept, it was observed that the plasma initially had 
beneficial effects, but that later its effectiveness decreased. 

After the supply of lyophile plasma was exhausted, no transfusions 
of any kind were given for a period of about 6 months. At this time 
(March, 1941) the patient’s clinical condition became ver 3 ’' poor and 
the plasma from about 75 cc. of fresh blood was given. A marked 
improvement resulted and the patient was free from hemorrhagic 
.symptoms for a period of about 3 weeks. The beneficial effect was so 
marked that on the reappearance of hemorrhages another transfusion 
of fresh plasma was given; this time, however, no improvement of his 
condition occurred. Further attempts to ameliorate his condition bv 
transfusions of 50 to 100 cc. of fresh plasma given at intervals of 2 to 
3 weeks also produced no result. 

In August, 1941, the patient came under our care, and it was decided 
to conduct a further studj^ of the effect of transfusions on his condition. 
The record of the transfusions given is shown in Table 1 together with 
the clotting times of venous blood taken before and after the transfu- 
sions. Since the patient’s red blood cell level was usuall.v normal, in 
.some cases 500 cc. of blood were withdrawn before giving the transfu- 
sion. As shown in the table, none of these transfusions Jmd an.v effect 
on the clotting time with the exception of those given on 9-10—11 and 
11-28-42. It is also notewortliA^ that the clotting time has had a 
tendency to increase during this period. Clinicall.v, the condition of 
this patient has become somewhat worse. It has been noted particu- 
larly that while he previously had severe phases alternating with 
periods of relative remission, he now appears to be in a continuous 
severe phase which has persisted for about a j'ear. 

Discussion. The observations presented here indicate that in one 
hemophiliac who has received numerous transfusions during the past 
3 .Years the beneficial eficct of transfusions has become questionable 
and even suggest that the.v ma.v have become detrimental. We feel 
that in view of these observations, care should be taken in treating 
hemophiliacs by transfusions, and tliat they probably should not be 
given them as a prophvlactic measure but. rather, tliat the mea,*:ure 
he reserved to cope with emergencies. .lohnson*’ has reported on the 
I'utwssful prophylactic treatment of two hemophiliacs bv transfusion 
of l.vophile plasma over periods of 3 and 5 months respectively. TIu.';. 
however, is not comparable to tlie period of 3 .vears during which this 
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patient has been treated, and it may well be that with continued 
treatment his patients will also develop a refractory phase. 


Table 1. — Record of Transfusions and Clotting Times 


Transfusions 


Dfltp 

Whole 


blood 

PI asm n 

1941 

(rc.) 

(cc.) 

S-14 


250 

8-2G 


250 

8-27 


250 

8-28 


200 

9-10 


250 

9-11 


250 

9-23 


300 

9-20 


200 

9-30 . 


350 

10- 3 

10- S 

500 

300 

11-3 

120 


12-30 

1012 



1 - s . 



.3-11 

500 


.3-13 

500 


3-20 


250 

3-25 . 

500 


C- 4 



7-20 . - 



7-21 


250 

8-14 


200 

9- 5 • 


275 

10-22 . 



11-21 . 

500 


n-28 . . 


300 

12-24 

1943 


300 

2- 1 


300 

2- 3 . . 


300 


Clotting time of venous blood 


Blood 

Before 

After 

transfusion 

transfusion 

removed 

(cc.) 





Hr. 

Min. 

Hr. 

Min. 


3 

45 

1 

00 




2 

50 




.3 

25 


3 

00 

0 

30 

500 

2 

00 

2 

30 

500 

2 

50 

1 

35 

500 

.3 

30 

2 

30 


3 

30 

2 

20 


o 

30 

2 

00 

500 

2 

15 




4 

45 

3 

20 

500 

8 

50 




7 + 


4+ 


500 





500 





500 





500 

4 

00 

0 

40 


6 

00 

5 

30 


5 

00 

4 

30 


Certain m vitro experiments, which were made with this patient s 
blood during this refractory phase, suggest a possible explanation as 
to its cause. It is commonly accepted that the addition in vitro of a 
small quantity of normal blood to hemophilic blood produces a normal 
clotting. Previous to the period discussed in tliis paper it had 
been frequently observed that this was the case in respect to the blood 
of this patient. In 1941, following the series of 8 plasma transfusions 
totaling 1800 cc., this phenomenon was studied again on this patient, 
using plasma from oxalated blood and determining the clotting time 
of various mixtures of normal and hemophilic plasma after recalcifying. 
It was found that instead of the normal plasma causing dotting of the 
hemophilic plasma, the hemophilic plasma had acquired the property 
of markedly retarding the clotting of normal plasma. This was 
found to be the case at various times during the period over which 
transfusions were given. The clotting times of various mixtures at 
different times during this period are shown in Table 2. These data 
show that at this period the hemophilic blood contained a constituent 
which, was inhibitory to. the normal^ clotting.proce^w .^,4. o* 
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Table 2.— The Clotting Time of Mixtures of Normal and Hemophilic Plasma 
After Recalcification With 0.1 cc. of 0.5% Calcium Chloride 

Clotting time at dates shown 


Hemophilic 

plasma 

(cc,) 

Normal 

plasma 

(cc.) 

10- 

\ 

o 

10-11-41 

10-14-41 

11-3-41 

1-8-42 

' Hr. 

Min. 

Hr. Mim 

Hr. Alin. 

Hr. Alin. 

Hr. Alin. 

0.5 . 

. 0.0 

2-f 


2+ .. 

3+ .. 

1-f .. 

2+ 

0.4 . 

. 0.1 

2+ 

. , 

55 

50 

45 

0.3 .. . 

. 0.2 

2-f 


50 

. . 45 

45 


0.2 . 

. 0.3 

1 

50 

50 

30 

45 


0.1 .. . 

. 0.4 


45 

17 

14 

20 

45 

0.0 . 

. 0.5 

. . 

3 

4 

3 

3 

3 


^ This constituent may be the antithromboplastin reported by Tocan- 
tins’’ to be the cause of the prolonged clotting time in hemophilia. It 
is possible that transfusion of normal blood, by suppljdng an increased 
amount of thromboplastin to the hemophiliac, reduces the amount of 
circulating antithromboplastin and thereby causes a temporary im- 
provement. Subsequently, however, the antithromboplastin returns 
not only to its previous level but to one higher than existed before the 
transfusion. As a result of this a second transfusion has less effect 
than the first. With time, the abnormally elevated antithromboplas- 
tin returns to its initial level and at this point a transfusion again 
becomes effective. 

Summary. The failure of repeated transfusions of blood and plasma 
to produce an}'^ improvement in the condition of a hemophiliac is 
described and a possible explanation offered. 

REFERENCES 

1. Frank, E., and Hartmann, E.: Klin. Wchnschr., 6, 435, 1927. 

2. Howell, W. H.: Bull. New York Acad. Med., 15, 3, 1939. 

3. Johnson, J. B.: J. Am. Mod. Assn., 118, 799, 1942. 

4. Jones, H. W., and Tocantins, L. M.: J. Am. Med. Assn., 103, 1671, 1934. 

5. Patek, a. j., and Stetson, R. P.: J. Clin. Invest., 15, 531, 1936. 

0. Patek, A. J., and Taylor, F. H. L.: J. Clin. Invest., 16, 113, 1937. 

7. Tocantins, L. M.: Federation Proceedings, 1, 85, 1942. 


the treatment of agranulocytosis with sulfadiazine 
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(From Station Hospital, Army Air Base) 

Since the introduction of prontosil and each of the sub.scqucnt 
“sulfa” drugs, much emphasis has been placed upon their possible 
toxic effects on bone marrow with development of agranulocyto.d.-^ in 
.susceptible individuals. IMany authors have emphasized the nece.'sitt* 
iff (liscontinuinc the drug immediately when blood counts in a jianent 
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with the white counts returning to normal levels despite the fact that 
the drug was continued. 

The occurrence of agranulocytosis following the administration of 
drugs, especially amidopyrine and the benzamine group, has been 
known for some years. Since the introduction of prontosil many cases 
are on record in which each one of the sulfonamide group of drugs has 
been the etiologic factor in the development of this condition. Sulf- 
anilamide and sulfapyridine have been the most frequent offenders, 
while relatively few instances have been reported in which agranulo- 
cytosis has been due to sulfathiazole'*”**- or sulfadiazine.^-® 

Some patients with agranulocytosis recover spontaneously. In the 
fatal cases death probably is due to an overwhelming infection resulting 
from the absence of neutrophils and the loss of the body's normal 
defensive mechanism, the oropharyngeal ulceration and sepsis being 
only terminal phenomena. 

The treatment of agranulocytosis, whether due to a drug, toxin or 
infection, has been unsatisfactory. Transfusions, liver extract, pentose 
nucleotides, etc., have had little effect in changing the usually fatal 
outcome of the disease. When agranulocytosis has occurred in the 
course of an infection treated with one of the sulfonamides the first 
thought, based upon the cumulative warnings published since the 
introduction of prontosil, is to discontinue the sulfonamide and to 
hope for spontaneous recovery following the usual treatment. How- 
ever, it has been noted that the depression of white counts in some 
patients receiving sulfonamides may be only temporary, with an early 
return to normal levels even though the drug is continued. Further, 
the sulfonamides, especially sulfathiazole and sulfadiazine, have been 
used with beneficial results in the treatment of miscellaneous infectious 
processes Avith an associated leukopenia, and in some patients Avith 
agranulocytosis.^ The bacteriostatic effect of these drugs appar- 
ently is independent of the granulocytes and may be just as effective in 
a patient with leukopenia or agranulocytosis as in one with a marked 
leukoc;^i:osis. Thus, in an individual Avithout demonstrable granulo- 
c;\i:es and with an OA^erwhelming sepsis likely to cause death, the use of 
sulfonamides to combat the bacteremia seems logical if the maturation 
arrest due to preAuous sulfonamide administration is only a short- 
liA^ed phenomenon. Successful treatment or preA-ention of the sepsis 
may tide the patient OA^er the period of temporary bone marrow depres- 
sion until the return of his normal granulocyte defenses. 

We are presenting 3 cases of agranulocytosis in which we believe the 
successful outcome in each instance AA^as due to the administration of 
large amounts of sulfadiazine. 


Case Reports. Case 1. A. L. H., a 26 year old, single, aAiation cadet, was 
admitted to the hospital on October 24, 1942, complaining of chills, fcA^er, and 
malaise of approximately 48 hours duration. The past historj^ was negatwe 
except for the occurrence of measles, mumps and pertussis in childhood. Un 
entry, examination showed the following: height, 65§ inches; ^Tight, Ho 
pounds; temperature, 102.8® F.; pulse, 96 and respirations, 22 There v a. 
moderate redness of the phaiymx Arith some associated cerAucal b^phaden- 

opathy. The chest Avas clear. There was no rash. The remainder of the 
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physical examination was normal. The urine was negative. The white blood 
cell count \v*as 13,300 with 75% segmented pobmiorphonuclear leukocytes, 
5% juvenile forms, 17% lymphocytes, 2% monocytes and 1% basophils. 
Culture of the throat produced a hemolytic streptococcus, Lancefield tyj)e A, 
sub-group 12 (Griffith). The admitting diagnosis was nasophaiyngitis though 
the possibility of early scarlet fever was considered likelJ^ A mild scarlet fever 
epidemic was prevalent at the time. Forty-eight hours aftei- admission the 
patient developed a strawberry tongue and a fine, punctate, eiythematous rash 
typical of scarlet fever. On the fourth hospital day fine rales, with associated 
decreased intensity of the breath sounds, were heard over the right middle 
lobe. There was gradual fall of the temperature to normal by the 6th day 
and his chest was clear. Sulfadiazine had been started on admissiori, 1 gm. 
6 times daily for 2 days then 4 times daily thereafter. From the 7th until the 
11th hospital day the patient felt fairlj’- well, remained afebrile, and the rash 
faded. The leukocyte count dropped to 6400 (43 % pol 5 morphonuclear leuko- 
cytes) on the second afebrile (8th hospital) day. 

On November 3rd (11th hospital day) there was a recurrence of fever (101.2° 
F.) with associated reappearance of the scarlatiniforra rash together with the 
return of a few rales over his right middle lobe. We eonsidered this episode as a 
recrudescence of scarlet fever, rather than a reinfection, since the same type 
and strain of streptococcus was cultured from eveiy other scarlet fever patient 
on the ward at that time. The W.B.C. count on the da)' of this I’ecui’rence had 
risen to 6800 (67 % polymorphonuclear leukocytes). 

During the next 4 days there was an irregular temperature elevation to 
103.2° F. and a return of sore throat. The temperature was normal on No- 
vember 7 (15th hospital day) and the patient again felt fairl}^ well. The W.B.C. 
count, howe'inr, had dj'opped to 3550 (72% pol 3 nnorphonuclear leukoc 3 ’te.s) 
on November 6. Sulfadiazine was discontinued after a total of 58 gm. had been 
given. On the 16th hospital day there was a furthei- drop in the count to 
2300 (23% pol3anorphonuclear leukocytes). Twenty-four hours later the 
count had reached 1600 (13% pol 3 ’morphonuclear leukoc 3 des). By this time 
the rash had faded, desquamation had occurred, and the lung was clear of 
niles. The administration of liver extract, 2 cc., and iientnucleotide, 10 cc., 
intramuscularly twice daily was started. The daib’’ administration of 200 mg. 
of cevitamic acid intravenousty was begun. These measures were with no 
apparent effect since there was a continued fall in the count of all of the white 
blood cell elements. 

By November 11 (ISth hospital day) the W.B.C. count totaled 2250 and no 
Pobnnorphoniiclear leukocytes could be found in the many smears examined. 
There was a sudden rise in temperature with reappearance of sore throat and 
cough i)roductive of mucopurulent sputum. On that day 250 cc. of citrated 
whole blood was given. On the next da}', November 12, the patient’s condition 
was worse, his temperature ranged from 103° to 105° F. and it was apparent 
that he probaljly would not survi^'e. Beliewng that death from o^•crwhehning 
infection would probably occur and surmising that possibly the agranulocytosi,« 
Jiiight he consequent to the effects of the hemotytic streptococcus and not to 
the drug, it was reasoned that if infection could be held in aheA-ance long 
enough, the Imnc marrow would recover and the patient might be given a 
chance for survival. Accordingly, the use of liver extract, pentnucleotide, 
cevitamic acid and transfusions, 'was abandoned. .Sodium sulfadiazine was 
given intravenousl}' twice daih' in amounts sufficient to rai.se the blood level 
to 20 to 25 mg. per 100 cc. At the .same time the u.se of convalescent scarlet 
fever human serum was begun. This was given in dosc-sof 100 cc. daity for the 
next 11 d.ays. 

During the first 3 days (19th, 20th and 21st ho.spital d.ays) of treatment with 
wdium sulfadiazine and serum the patient remained in a critical conditifin, 
his temperature was held at 103° F. or higher, and he develojicd ulcenition-; of 
the mucous membranc.s in the faucial regions and at the anus. Bv November 
15 (22d hospital day), after 3 days of such treatment, icterus api>eareil. the 
B.B.C. count dropped from 5.1 million to 3.75 million with the hennclobin 
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failing from 16A to 11.8 gm. per 100 cc. In an effort to halt the progrses of 
hemolysis sulfadiazine was discontinued for 1 day (November 15) to allow the 
sulfadiazine to fall to a lower blood concentration. Resumption of the drug on 
November IG maintained the blood level between 5 and 10 mg. per 100 cc. 
From November 12 to 15 the total W.B.C, count varied from 200 to 310, all 
IjTnphocytcs. No pol^Tnorphonuclear leukocytes could be seen in any of the 
smears examined. The first suggestion of recovery of the bone marrow did not 
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occur until November 17, after 5 daj^s of complete absence of granulocytes, 
Avhen the total count rose to 1470, and of 100 cells counted 98 were l 5 Tnphocytes 
and 2 immature granulocytes. Thereafter, there was a rapid rise in all of the 
W.B.C. elements so that by November 21 (28th hospital day), there was no 
evidence of any blood dyscrasia. 

Coincidental with the signs of improvement in the blood picture, the temper- 
ature began to fall gradually, reaching normal on November 20, 9 days after 
the onset of the third febrile episode. Physical signs and Roentgen ray e\'idence 
of pneumonia involving the posterior aspect of the right lower lobe first ap- 
peared on November 17. These signs cleared rapidty with the fall of the fever. 
Although sputum was by then rusty, no pneumococcus could be typed. A 
hemolytic staphylococcus was recovered from the sputum and the throat 
lesions. 
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Except for a right inguinal adenitis ^vhich occurred as a complication of the 
anal ulceration, the hospitel course subsequent to the return of the blood picture 
Avas uneventful. The patient, fully recovered, Avas discharged from the hospital 
on December 22, approximately 2 months folloAving admission. Six Aveeks 
later (Februap; 3, 1943) this patient again Avas hospitalized Avith an acute 
follicular tonsillitis of 2 days duration. A strain of hemolytic streptococcus 
Avas cultured from his throat. He had a normal response to sulfadiazine and 
was afebrile after 5 daj’^s. During this time 35 gm. of the drug Avere giA^en. 
The patient ran the normal expected leukoc3d:osis during the first feAV daj^s of 
the infection and there Avas no demonstrable effect on the blood picture. He 
Avas discharge^d on Februar}- 14, fully recoA'ered. 

Case 2. K. H. K., a 24 y^r old aAiation cadet, Avas admitted to the hospital 
on XoA^ember 14, 1942 complaining of sore throat, drj’' cough, headache, and 
malaise of 2 daj^s duration. The past historj^ was not releA^ant. On admission 
the examination shoAA’ed the folloiving: height 71 f inches; A^^eight 185 pounds; 
temperature 101.4° F.; pulse 108; respirations 24 and blood pressure 110/70. 
There AA’as moderate pharAmgitis. The lung fields AA'ere clear. The remainder 
of the examination was normal. The urine was negatiA’e. The white blood 
cell count Avas 4700 A\'ith 70% segmented forms, 6% juA^enile forms, 21% 
Ijnnphocytes and 3% monoc^'tes. The admitting diagnosis aa'es nasopharAUi- 
gitis. During the first 16 days of hospitalization the patient Avas onh^ moder- 
taely ill, his temperature ranging from 100° to 104° F, On the 3d hospital 
da}" signs of pneumonia inA’ohing the right lower lobe were eAddent. Because 
of the clinical course, the absence of any specific bacterial flora in the sputum, 
and the absence of leukocytosis, it was considered that the pneumonia was of 
the '^Adrus^^ type. During this episode the patient receiAxd a total of 76 
of sulfadiazine. Other medications administered were potassium iodide, 
codein and aspirin. 

From December 1 to 3 (17th to 19th hospital da3"s) the patient was afebrile 
and felt improA^ed. The Roentgen ray showed considerable clearing of the 
pneumonia. Whereas the white blood cell counts had ranged from 3550 to 
5700, with a normal differential picture during this first febrile illness, there was 
a sudden drop to 2650 with 12% poljnnorphonuclear leukocAdes on December 
3. Ba^ the next da}" the count had dropped still further to 1300 A\dth only 1 % 
pol}"morphonu clear leukocytes. At the same time the temperature abruptl}" 
rose to 104.6° F. and there were physical signs and Roentgen ray findings of 
pneumonia, this time in the right upper lobe. Soon thereafter the t^T^ical 
necrotic throat lesions, characteristic of agranuloc3^tosis, appeared. From 
December 4 through December 12 (20th to 28th hospital da3’s) the W.B.C. 
count ranged from 130 to 1050 cells per c.mm., all l3"mphoc3"tes. Not a single 
pol3"morphonuclear leukoc3"te could be found during this time. On December 
13, a few juA^enile forms were observed and thereafter there was a rapid return 


of the blood picture to nomAal. 

Because of our experience with Case 1 it was felt that resumption of the use 
of sulfadiazine might saA'e this patient from 0A"erwhelming bacterial infection. 
Beginning December 4 (20th hospital daA^) the drug Avas giA'en in a dosage 
sufficient to maintain the aA-erage blood concentration between 5 and 10 mg. 
per 100 cc. B}" December 11 (27th hospital da}"), after S daA’S of such 
ment, 64 gm. of the drug had been giA-en. A neAv area of consolidation had 
appeared at the left base and the patient was still critical]}" ill, haring mn an 
extremely stormy course uith high feA"er. At that stage there was no eAndencc 
of return of the blood to normal, and the authors, being^rather faint at 
stopped the drug again. By December 13 (29th hospital daj") the patient had 
been 2 days without sulfadiazine. EA-en though a few poI}Tnor{^onucI^^r 
leukocytes Avere reported for the first time, the patient was worse. T”^^® 
further spread of the pneumonia to the preAuously cleared right lower lobe, me 
temperature rose to 105.6° F., auricular fibrillation appeared and u 
additional respirator}- embarrassment due ^ ^pngestn-e rardiac fail^ 
natient Avas comatose and deeply cyanotic and it seemed that he could 
For Sy a fw- more hours. &pid digitalization and the use of o.xygen con- 
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tributed some relief to the cardio-respiratorj^' difficulties. Since discontinuance 
of sulfadiazine was considered a factor in the increased severity of the illness, 
its use was resumed for the third time in a dose of 10 gm. daity. Witli reinstitu- 
tion of this treatment there was evidence of beginning recoveiy of the bone 
marrow as shown by the appearance of juvenile poljnnorphonuclear leukocytes 
in increasing numbers in the blood. By December 20 (36th hospital da}" and 
the 6th day of the third course of sulfadiazine), the count had risen to 14,150 
with 85%. polymorphonuclear leukocytes. With the progressive rise of the 
count there was an associated fall in the fever and general improvement. By 
December 29 (45th hospital day) the patient was afebrile and sulfadiazine was 
discontinued. One hundred and fifty gm. of the di'ug had been given over a 
15-day period during this third course of treatment; 290 gm. had been given 
throughout the entire hospital stay. 

Because of the development of a moderately severe hemolytic anemia with 
fall of the hemoglobin level to 9 gm. per 100 cc. two whole ):)lood transfusions 
of 500 cc, each were given on December 12 and 14. Donors who had recently 
recovered from ^Virus^^ pneumonia were used. In addition a total of 1800 cc. 
of human convalescent ^Sdrus” pneumonia serum was given in divided doses 
intravenously every 3d day from December 6 tlirough December 20 (22d 
through 36th hospital days). Liver extract was given in 2 cc. doses intra- 
muscularly daily from December 4 through December 10. Recovery, after 
return of the blood picture to nonnal, was uneventful. After 1 month his 
strength had returned, he had nearly regained his Aveight and thei'e was no 
evidence of any blood dyscrasia. 

Case 3. A. J. B., a 22 year old aviation cadet of Mexican descent, was 
admitted to the hospital on December 9, 1942 complaining of headache, chilli- 
ness and dry cough of 4 hours duration. The past history Avas not releA^ant. 

On admission the physical examination reA^ealed the folloAving: ^ height, 
68| inches; AA^eight, 160 pounds; temperature, 103° F.; pulse, 100; respirations, 
22. There AA’^as a dry nasopharyngitis and paroxysms of cough Avere frequent. 
The lung fields AA^ere clear to auscultation. The remainder of the examin^tjion 
Avas normal. The urine AA^as negatiA’'e. The W.B.C. count Avas 7150 AAnth / / % 
polymorphonuclear leukocytes, 22% Rnnphocytes, and 1% monocytes. Ihe 
hemoglobin AA^as 15.2 gm. per 100 cc. The Roentgen ray showed pneumonic 
infiltration in the loAA^er left perihilar region and in the right loAvor lung held 
and ^Sirus” pneumonia Avas diagnosed. 

The patient AA^as moderately ill Avith daily peaks of tem])erature to Bl-.b to 
104® F. for the first 8 hospital days. On December IS t<> 19 (9th and 10th 
hospital days) there AA^as no fcA^er and the patient felt much ))etter. lioAAeA'cr, 
on December 20 (11th hospital day) there AA’as return of fever Avith the 
ciated signs of spread of pneumonia to the loAA'cr portion of the left lung. 1 In^ 
second febrile episode AA'as more seA'^ere than the first, being accom])aniec!^bA 
more prostration, seA"cre cough, and cyanosis requiring the use of oxygen. 1 he 
dosage of sulfadiazine, Avhich had been administered since admission (4 gm. 
daily) Avas doubled. On December 24 (lotli liospital day) the temperature 
abruptly returned to normal after a febrile j)eriod of 4 days. 

Whereas the blood picture had been prcA'iously nonnal a drop of the aa .15.t . 
count to 2500 Avith 56% pohnnorphonuclear leukocytes AA*as fir.<t 
December 23. Ba" December 26 (17th hospital day) it had dropped to ROO 
Avith only 22% polAnnorphoniiclcar cells. Sulfadiazine Avas dj*=contimied on 
the next daA% December 27, after a total of 86 gm. had been gnen. Thcncf^ 
forth the W.B.C. counts ranged betAveen 600 and 1750 (all hnnpliocytcs Avith 
absolutely no pohnnorphonuclcar leukocytes) until Januan- R 10 day.< later, 
Avhen the first sign of bone marroAv rccoA'crA" Avas CAndent in the anrupt ri'-e in 
the W.B.C. to 2850 Avith 3%^ immature poUinorphs. Tliereafter the blyKl 
])ic{urc rapidly returned to nonnal. The count on January 11 {.>.>d hn>pital 
day) Avns 7400 Avith 48% adult polAinorphs, 4^'f young {xjAanorphs. 
lymphocytes, and 2^7 uionocytc.^. , % , i i 

During the lAcriod of complete absence of ])olynK>r{)honiiclear 4etik<>ryte' 
there AA*as a daily temperature olcwation to 1(X)® to 101 I. dj^apjv.tircsi 
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on the return of the blood to normal. In spite of the blood changes the pneu- 
monia progressively cleared at this time. No throat lesions developed although 
there was clinical e\udence of a moderately severe catarrhal laryngitis. With 
the return of the W.B.C. count to normal, sulfadiazine was discontinued 
(January 6, the 27th hospital day) after 60 gm. had been given over a 7 daj^ 
period and after a total of 146 gm. had been given during the entire hospital 
stay. 

Recovery", after the return of the blood to normal, was uneventful.. 


Comment. In each of the 3 patients there are common factors. 
Sulfadiazine in total dosages varjdng from 52 to 72 gm., had been 
given over a fairly protracted period early in the course of each man's 
illness. At the time blood counts disclosed granuloc^^topenia each 
patient still revealed clinical evidence of infection. The lowering of 
the total white count with the complete absence of granulocytes in 
the peripheral blood, forewarned the stormy" course that was to follow. 
In the first 2 patients especially, the infections extended to nearly 
overwhelming proportions. It seemed obvious that these young men 
would die unless the original infectious process and the later uncon- 
trolled spread of infection were held in check during the period required 
for the temporary bone marrow depression to subside. 

Since Case 1 failed to respond to the usuall}" recommended treatment 
for agranulocytosis it was suggested that perhaps we were erroneous in 
assuming that the blood changes were due to the drug but that instead, 
the streptococcus toxin might be the etiologic agent. If this were 
correct, the drug might well be resumed, offering some hope of con- 
trolling the infection pending recovery of the bone marrow depression. 
Our knowledge at that time of only one case report^ of agranulocytosis 
due to sulfadiazine added weight to this opinion and further influenced 
our decision to administer large amounts of sulfadiazine. We were 
further stimulated in carrying out our plan of treatment when we 
learned from Dr. Madeline Fallon of Los Angeles that she had used 
sulfonamides with apparent success in several children with agranulo- 
cytosis which, in her opinion, had been induced by infection. The 
patient’s dramatic recovery was gratifying. 

Our assumption that the strain of hemol^^tic streptococcus causing 
the scarlet fever in Case 1 also produced the agranuloc>"tosis appeared 
erroneous when Cases 2 and 3 developed agranulocytosis during the 
course of pneumonic infections of virus etiology. The occurrence of 
agranulocj"tosis as the result of virus pneumonia or other virus infec- 
tions has not been reported to our knowledge. On the other hand, 
sulfadiazine occasionally has caused agranulocytosis and each of our 
3 cases received moderate doses of sulfadiazine for 2 or more weeks 
prior to the onset of bone* marrow depression. We now are convinced 
that the drug was the responsible agent in producing agranulocytosis in 


each of our cases. v +) p 

The remarkable response in these cases demonstrates that despite tne 
primary role played by sulfadiazine in causing agranulocytosis, the 

f i? With 
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view of the constant warnings in the literature to discontinue sulfon- 
amides immediately upon the first evidence of an impending gran- 
ulocytopenia. Based upon our experience with this small but striking 
group of cases we believe that the patient who develops agranulocytosis, 
regardless of the etiology, should not be deprived of the most effecti^■e 
means of combating complicating sepsis but should be given one of tlie 
sulfonamides, preferably sulfadiazine, in amounts sufficient to maintain 
a blood level of approximately 10 to 20 mg. per 100 cc., until such time 
as the temporary bone marrow depression is overcome and the normal 
protective mechanisms are again functioning. Sulfadiazine is recom- 
mended because, of all the sulfonamides, it is least apt to cause serious 
toxic reactions. 

Summary. Three cases of severe agranulocytosis due to sulfadiazine 
were treated successfully with large doses of sulfadiazine. The agran- 
ulocytosis occurred during the course of acute infections (scarlet fever 
in 1 case and primary atypical virus pneumonia in 2 cases), hlaeh 
patient had received moderate doses of sulfadiazine for 2 or more 
weeks prior to the onset of bone marrow depression. Transfusions, 
pentose nucleotides and liver extract in Case I were without any 
demonstrable beneficial effect. Convalescent human serum was used 
as an adjunct to the sulfadiazine therapy in each of the 3 patients while 
oxygen was administered in Cases 2 and 3. Even though the infectious 
processes may have played a part, sulfadiazine probably was the pri- 
mary factor in causing the agranulocytosis, Howe\'er, the subsequent 
administration of large amounts of the same drug seemed responsible 
for the ultimate recoveries. 

Conclusions. 1. Cases of agranulocytosis due to sulfadiazine admini- 
stration during acute infections may be aided by subsequent dosage 
with the same drug.* 

2. Spontaneous regeneration of polymorphonuclear leukocytes by 
the depressed bone marrow can occur during the administration of 
large amounts of sulfadiazine even though this drug was responsible 
initially for the depression. 

3. Sulfadiazine is effective in controlling sepsis which usually 
accompanies agranulocytosis. 

* Another pationt» M. J. B., developed Kranuiocytopenia, hut not complete npmnulo- 
oytosis (lowest W.B.C. count was 1750 with 2% polymorphonuclear leukocytes, 
eosinophils and 07% kNunphocytes) 1 week after having received sulfadiazine (52 pni. 
in 12 daj’s) for moderately severe scarlet fever. Ten days after admi.^^sion to the hospital 
this patient developed the enanthem. followed in 4S hours by the exanthem clinracter- 
istic of measles. The leukopenia which occurred at the time of his measles infection 
did not seem sipnificaut. However, subsequent W.B.C. counts revealed a pradual 
lowcrinp of both the total W-B.C. count and the prannlocytes until the lowest level 
was attained on the 2Sth hospital day, 10 days after the disappearance of his measles 
msh and 15 days after discontinuing the sulfadiazine. A mild throat infection ^.-as the 
only complication. Sternal puncture revealed many immature granulocytes. Became 
of the absence of significant fever (highest temperature 100.2® F.) and other evidence 
of sepsis, and because this patient did not develop complete ngranuloryto-is, we did not 
believe svilfadiazino.'vs'as necessary. His complete recovery with a normal W.B.C. count 
5tnd difTcrentinl (7000 AV.B.C. with 53% pob'niorplionu clear Icukocyto-. -53% lympho- 
cytes, 2% eosinophils and 2% Kasophils) 10 days later, omphasires the fact tliat some 
patients with j\^j^enjtjorary^fi(y>ryss^^ 
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_ 4. In spite of previous warnings to the contrarj% the use of sulfadia- 
zine may be advisable in the treatment of agranulocytosis, irrespective 
of the cause, if infection is either present or imminent. 
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ACUTE TRAUMATIC HEART DISEASE 


A CASE OF Myocardial Contusion With Recovery 


By R. V. Lee, Lt. Col., M.C. 

N. T. USSHER, ]\l\JOR, M.C. 

AND 

G. H. Houck, iALljor, M.C. 

SANTA .J^.NA, calif. 

(From the Medical Service of the Station Hospital, Santa Ana Army Air Base) 


The following case of acute traumatic heart disease seems worthy 
of reporting because of its rarity and because in this instance there is 
little likelihood of preexisting heart disease. This patient was observed 
earl^^ and an essentially normal electrocardiogram was obtained at 
the onset. A series of tracings was obtained whicli revealed serial 
changes that are pathognomonic of myocardial injury. This may 
have been merel^^ a cardiac muscle contusion, or, as seems less likely to 
us, this contusion progressed to a myocardial infarction. There is 
little reason to believe that any degree of coronary artery occlusion 
occurred. 


Case History, V. B. T., a white a\dation cadet of 22 years, was admitted 
to the Station Hospital, SAAAB (Reg. No. 3831 and 4004), August 15, 
complaining of pain over the lower portion of the sternum, di^spnea, and of 
constricting chest pain vnth radiation to the jaw. These sjTnptoms had been 
present and increasing in severity for 11 hours. TAventy-four hours before 
entn’’ he had received a blow over the lower sternum from the eJoow oi a 
fellow student while playing football. This blow, as he 4escribed 
strong enough to stun him and throw him to the ground, but m a fen seconas 
he rJumed play and his sjTnptoms appeared 

E.vamination disclosed tenderness and edema over the low er portion of the ster 
num but no evidence of fracture was obtained by Roentgen ray examination. 
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The family history was irrevelant; the past history gave no indications of 
congenita] or of acquired heart disease. There had been no serious infections 
and there were no suggestions of the rheumatic syndrome. The usual a\nation 
cadet health survey and physical examination had been made a few da5's prior 
to the accident and no gross abnormalities were found. The examination 
included Roentgen rays of the heart as well as strenuous functional tests. 

Upon admission the patient was somewhat d 3 '-spneic and was more comfort- 
able in the sitting position. The oral temperature was 99.6° F., pulse 110, 
respirations 20; the skin moist and warm. Forceful pulsations Avere noted in 
the blood-vessels of the neck. Blood pressure 140/75. He complained of 
pain radiating to the left side of the neck and jaw, and also to the tip of the 
left shoulder. This pain was made worse by deep inspiration and bj' move- 
ments of the trunk. The lower portion of the sternum, Avith its OA'erlying 
edema, Avas exquisitely tender. In the left axilla there A\-as decreased resonance 
and the breath sounds Avere partially suppressed. The area of cardiac dullness 
Avas considered to be someAvhat increased and the heart sounds faint. The 
rhythm aa'bs regular. There Avas moderate epigastric rigidity, but no abnonnal 
tenderness. 

The initial Roentgen raj' examinations seemed to be AA'ithin nonnal limits. 
HoAvever, comparison at a later date Avith studies of his chest made at his 
initial examination for cadet training shoAved the cardiac outline to be larger 
than before. One day later a small amount of fluid at the left costophrenic 
angle Avas revealed by Roentgen ray; but this had decreased in amount bj’ 
the third hospital daj'. The first electrocai’diogram Avas normal, save for a 
.suggestion of elevation of the RS-T segment in Lead II. 

The fcA'er reached a peak of 100.4° F. on the second hospital daj’, but he 
Avas afebrile after the third day. The local and general sj'mptoms rapidlj- 
disappeared and the pleural fluid decreased. The blood pressure before dis- 
charge Avas 116/65. At this time it AA-as considered that there might be a 
small amount of blood Avithin the pericardium, but as the patient Avas free of 
sjTnptoms and seemed quite Avell he AA'as discharged August 21. 

Taa'o daj's later the patient was readmitted to the hospital in a .semi.stuj)or- 
ous condition Avith dyspnea, cj'anosis and orthopnea. A fcAv houi'S before lie 
had suddenlj' developed seA'ere precordial pain Avhich again radiated into the 
neck and also into the interscapular region. His initial dj'spnea had been 
rapid in onset and most seA'ere. 

When examined there Avas CA'ident respiratoiy distress, and numerous 
crepitant rales Avere present at both lung bases. The heart seemed normal in 
size, Avas rapid, hj'peractiA'e, and regular. Blood pressure 120/80. During 
the first fcAV hours a loud, rough, to-and-fro munnur Avas heard over the ba.«e 
of the heart, the diastolic elements being louder, and best heard at the third 
intercostal space just to the right of the sternum. There AA'as also a short, 
soft sj'stollc munnur at the apex. These munnurs, apparently associated 
with acute cardiac decompensation, Avere intennittently audible oA-er a period 
of about 12 hours. Under morphine the pain Avas controlled, and the pulse. 
AA'hich AA'as ahvaj's regular, dropped from 130 to 112; the resjnrations fell to 
24 and the temperature to 99.4° F. 

On the day folloAA'ing the second admi.ssion the heart Avas found to lie further 
enlarged bj' Roentgen ray Avhen compared A\ith the prcA'iou.s examinations, 
and there AA'as cA'ident A'ascular congestion at both lung bases. Some fluid 
had reappeared at the left base. 

Ho significant .abnonnalitie-s aa'ci'c found upon laboratorj' e.xamin.'dion of 
the blood or urine. Repeated determinations of the crA'throcyte sedimenta- 
tion rate Avere Avell Avithin nonnal limits. Tavo blood cultures Avere sterile. 

The remainder of the patient’s course in the hospital aacs stormy arid 
protracted, in that c.xcifeinent and e.xertion brought on dyspnea, tachycardia, 
and early signs of decompensation. Recoverj' from each attack. hoAvover. Ava> 
rapid. A 60 d.ay furlough aa'us granted on October 19. 1942, and durini: thi> 
period the patient Avas free of dj'simea and pain. Ho remained entirely com- 
lortable, his strength returned and he aa'.ts ca'cii .able to .attend dances. Tliere 
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was a moderate increase in body weight. Occasionally momentarj' twinges 
of pain were felt in a spot 8 cm. below the left nipple, these always being asso- 
ciated ^yith hvisting the trunk or nnth stretching the left side of the body. 
This pain has never been related to exertion or emotion. 

At examination December 19, 1942, the patient gave the appearance of 
normal health. Blood pressure 120/80. No cardiac abnormalities were made 
out upon auscultation. Roentgen ray e.vamination revealed the heart size 
and shape to be just as it Avas before injurj' and the lungs were clear. Upon 
fluoroscopic examination the cardiac pulsations were of good quality and 
amplitude along the left border; there Avas a suggestion of slightly AA’eaker 
pulsations at the right border. There Avere no pericardial or diaphragmatic 
adhesions. 



3 days 10 days 15 days 127 days 

Fig, 1. — Serial electrocardiograms following a blow over the precordium of a healthy 
young man. Deep late inversion of T in Leads 1 and 4F is seen to reach a maximum at 
15 daj^s, with later return to normal configuration. 

Reexaminations of blood and urine were normal. The erj’^throcyte sedi- 
mentation rate was 2 mm. in 1 hour. The basal metabolic rate was +6%. 

The EKG was normal, T4F now being upright, with further increases in the 
amplitude of the upright T2 and T3. 

Discussion. jSIedical literature regarding acute traumatic heart dis- 
ease is still confused. This is due, in part, to rapid change in terminoj- 
ogy AA’hich has lead to inaccuracy in the use of terms. Thus, it is 
obvious that until very recently “coronary artery occlusion” and 
“myocardial infarction” have been used synonjuuously. _ Only in 
recent articles has there been indication that authors considered the 
possibility that coronary artery occlusion could occur without myo- 
cardial infarction; or conversely, that myocardial infarction c^ld occur 
w'ithout acute coronary artery obstruction. A further difficulty is 
tliat most of the AATiting has been chiefly the reporting of case histories. 
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and these have been borrowed back and forth in a repetitious manner 
to such an extent that in reading papers one comes across the same 
history 5 or 6 times. Many of the case histories are inadequate and 
the associated comment frequently is irrelevant. 

The standard textbooks on heart disease have little information 
regarding non-penetrating injuries of the chest producing heart dam- 
age. Stroud’s recent textbook, howe^'•e^, has an excellent chapter by 
Hugh Barber.^ White and Glendy^® have contributed a chapter in 
Brahdy and Kahn’s “Trauma and Disease” which contains an excel- 
lent general discussion and an adequate re^dew of the literature. It is 
especially valuable for its critical review of the experimental literature 
upon traumatic cardiac disease. Warburg’s monograph^^ published 
in 1938 is disappointing in that he has been more interested in the 
historical aspect of the problem and has merely compiled those instances 
of cardiac trauma already recorded in the world’s literature. He does 
point out cases of traumatic heart damage which were reported in the 
latter part of the 17th century. Up to the beginning of the 20th cen- 
tury, 64 cases were on record. He finds 197 cases in the first 37 years 
of the 20th century. Fischer,®® in 1868, reported 452 cases of traumatic 
cardiac lesions, of which 76 were due to non-penetrating injury. 
Seven were considered to be cardiac contusions and 64 were cardiac 
ruptures. There was only 1 autopsy. 

It is evident that even yet we have no satisfactory evidence regarrling 
the incidence of cardiac contusion. It is usually thought to be very 
rare and the majority of the recorded cases have ended fatally. Experi- 
mental evidence indicates that most of the injuries should result in 
recovery. From this apparent discrepancy it is difficult to avoid the 
conclusion that the majority of the instances of cardiac contusion are 
not recognized. Thus, Stroud" is quoted as saying: “This subject 
is most important from the standpoint of insurance compensation; I 
still feel cardiac disease is unusual folloAving anterior chest trauma.” 
However, the same author, in editing a textbook on heart disease has 
included a long and well-written chapter on the subject. The point 
of view of its author is that cardiac contusion is of frequent occurrence. 
White*® states that among 7600 autopsies at the Massachusetts Gen- 
eral Hospital, which includes a busy accident ser\-ice, there is not a 
single case of cardiac trauma on record as of March, 1936. Sanders-® 
■says that the combined records of the iiospitals in.iMcniphis contain 
no record of cardiac contusion, in a total of 326,500 admission.s. Among 
these same admissions there were 10 penetrating woimd,s of the heart. 

Excellent articles on the subject of cardiac contusion have betm 
t'ontributed by Beck,- Sigler Tuohy and Boman,^ Kahn and Kahn.' 
and Ucinofi’.® Tlie work of Bright and Bcck^ contains not only an 
adequate review, but their own experimental evidence. 

Summary. 1. .^.n instance of myocardial contusion with recio-cry is 
reported. 

^ 2. The symptoms, clinical course, and electrical deviations are 
similar to those of acute myocardial infarction. 
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A SOLITARY CALCIFIED CYST OF THE SPLEEN 


By Paul O. Snoke, M.D. 

LANCASTER, PA. 


Two clinical entities should be thought of when the radiologist en- 
counters a large annular calcification in the left upper abdomen. The first 
is a solitary calcified cyst of the spleen; the second, an aneur3''sm of the 
splenic artery. -Solitary cysts of the spleen are not exceedingly rare;^* 
calcified cysts are rare; aneurysm of the splenic artery is more common 
than one would think— at least 90 cases have been reported.^*®*® 


Case Report. Miss B. M., white, female, aged 60, came to my office on 
December 29, 1941, complaining of itching e3^elids. She had lost 28 pounds 
in the past 4 years and had a decided subicteric tinge. The pruritus was 
undoubtedly due to the jaundice. She had a second complaint of sevyre 
paroxysmal^ headache, usually localized to the left frontal region, rather typic&i 
of migraine, as it had been present over a long period of years. 

Tv^^years before, a lesion of the gall bladder had been reported after Roent- 
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gen ray examination, (The calcified ring in the splenic region is said to ha\'e 
been absent at that time.) Now in 1941 fullness was found in the left upper 
quadrant, with the definite suggestion of a mass on deep inspiration. Physical 
examination was otherwise negative. Her blood count on 12-30-41 was: 
hemoglobin, 61 %; erythrocytes, 4,260,000; color index, 0 . 7 + ; leukocyt&s, 7400; 
neutrophils, 54% (segmented, 31% [young form, 1%]; non-segmented, 23%; 
lymphocytes, 39% [small]; 3% [large]; monocytes, 3%). Her icterus index 
was 10. 

In view of her previous history, the Graham test was repeated. A large 
spherical mass with a calcified peripheiy was found lying in the left upper 
quadrant, suggesting a solitarj^ cyst of the spleen (Fig. 1). The left kidney 
had been displaced downward. The right kidney was normal in size, shape 
and position. The liver was normal in size. There was no evidence of a renal, 
ureteral or vesical calculus. The lumbar spine and pelvis were nonnal. Two 
other possibilities were suggested ; an old echinococcus cj^st of the spleen ; cyst 
of the left lobe of the liver. 



Fig, 1,— Lai-Rc annular calcified ^5}mdo^v— left upper quadnint. Prcliniinao* film of 

abdomen 


Koentgen-ray examination of the gall bladder by means of tlie Graham test 
•showed that the gall bladder took the d 3 'e moderate^’ well. The shadow w.as 
homogeneous and there seemed to be an anatomic defect across the fundus 
Pluygian cap. Following the fattv* meal the gall bladder contracted about 
one-third, 

Diagtwm. Solitaiy calcified c.vst of tlic .s})lecn. Nonnally fimctioninc 
gall bladder—Phiygian caj). 

To rule out the possibility' of an echinococcus cv'st an antigen was oblaine<l 
and a scratcli test made, which proved to be negative. 

Laparotomy. On February' 1C, 1942, a hard calcificvi tumor the size of :» 
grapefruit, occupying the sjdccn, was dcliv'crcd with difficulty. The splcvn 
and a .small acccs.sory' spleen were rcmoy'cd. 

Pathologic Peport. The .‘-■jileen was stretched thinl.v (J inch in thickne.'<) 
over part of the surface of a ev'st which was almost sphcric.'i! and moasure<i 
12 X 13 cm. in di.amctcr. The surface of the spleen was .'•inot^h; of the cyst 
vas .shaggy. Tlie c.vst projected from the region of the hilum di^p!.•icinc the 
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vessels 2 cm. Its vail varied from 1 to 2 mm. in thickness, vas rigid and 
calcified, with rough internal and external surfaces due to plaques of calcium. 





FtG. 2. — Calcified with tlie spleen lying over its distended surface. (Incisions are 

for histologic sections.) 



Fig. 3.— Histologic section of lining membrane. 
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The lining was smooth and contained 100 cc, of brownish turbid fluid with a 
glistening sheen suggesting cholesterol (Fig. 2). 

Microscopic examination (Fig. 3) revealed a thick wall composed of "collag- 
enous fibrous tissue devoid of any epithelial lining. Plaques of calcified 
material w'ere found. There was some l 3 Tnphocytic infiltration in the lam- 
inated hyalinized fibrous tissue. The lymphoid tissue in the spleen itself was 
greatly decreased in amount. Numerous rather small vessels in one area 
suggest the possibility of hemangiomata, with rupture and hemorrhage as the 
possible cause of the pseudocyst. 

Diagnosis. Solitary calcified cyst of the spleen. 

CotJHSB. After 10 days of uneventful convalescence, the patient developed 
intense pain in the lower right chest with d 3 '’spnea and intense frontal headache. 
Her pulse became very rapid and weak. Her blood count on 3-3-42 revealed ; 
hemoglobin, 55%; erythrocytes, 2,880,000; leukocytes, 4100; neutrophils, 70% 
(se^ented, 67%; non-segmented, 3%); IjTnphocjdes, 21%; monocytes, 7%; 
eosinophils, 2%. The prothrombin time was noraal. Within the next 
48 hours she developed a small area of thrombosis in the right superficial 
femoral vein and subsequently pain in the lower left chest. The chest condi- 
tion Was diagnosed as due to infarcts. 

After splenectomy one expects the platelet count to rise, and embolism, 
thrombosis and infarction are the usual complications of this operation. We 
gave the patient heparin w'hich prolonged her blood clotting time from 1 -J- min- 
utes to 18 minutes. The blood platelets were 200,500 on 3-12-42, with a 
coagulation rate of 15 minutes. During her entire convalescence the leukocyte 
count never rose above 8250. The majority of the counts were around 4000. 
She made a slow recovery and is now perfectlj' well. No Howell-Jolly bodies 
were found, either before or after splenectomy. 

Discussion. In the literature only 5 other cases of calcified c,\'st of 
the spleen could be found: Scotson,® Manchester, England (193.3); 
Shawan^^ of Detroit (1937); Foldes"* of Germany (1927); Baumann and 
Kohnstamm® (1930); Culver, Becker and Koenig® (1942). 

It is interesting to note the ages of the patients because one might 
e.vpect calcification in the older age groups. Of these 6 patients the 
ages were IS, 25, 44, 49 (Foldes^), 52 (Baumann and Kohnstamm"'), 
fiO (my patient). Though other authors have stated tliat it was e.sscn- 
tially a disease of females, 4 were females, 2 males. 

The failure to find Howell-Jolly bodies after splenectom\' is of 
interest in view of their occurrence, sometimes for many years (cp. 
0. H. p. Pepper’s case®“)j the finding is not constant in humans, how- 
ever, and they are regularly absent in dogs after splencctom.v.^ 

The position of the kidnej' on the affected side is interesting. In 
Sliawan’s” case the kidney was displaced upward. In my case it was 
displaced dovuiward and was quite distinct and separate fron^ the 
splenic shadow. 

very similar appearance is noted in calcified aneurysm of the 
splenic artery. The location is the same; the Roentgen ray appear- 
ance is the same. There is, however, one distinguishing clinical feature 
and that is a bruit. Pulsation may or may not be pre.scnt in aneurysm. 

There liave appeared 2 reports of very similar cases in the Journal 
of liadiologi/ while tin's paper was in preparation. 2 of wliich were 
aneurysms of the spleen,'” and the third a calcified cy.-^t of the .'^plcen,® 

From the surgical standpoint, operation on ancurysrn.s of the splenic 
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artery is hazardous, with high mortality. It is not so hazardous on 
splenic cysts. It is important that the surgeon should know whether 
he is going to find an aneurysm of the splenic artery or a cj'st of the 
spleen. Certainly the radiologist should advise the clinician of this 
possibility, and simple auscultation will readily make tlie differential 
diagnosis. 

The purpose of witing this paper is to call the attention of the 
radiologist to the two possibilities which cannot be distinguished 
readily without listening for the bruit. Surgical inter\'ention in 
aneurysm of the splenic artery is indicated. The mortality, however, 
is much higher than in solitary cyst of the spleen. 

Roentgenologists will be interested in comparing the illustrations of 
this case witli those presented in a case report by Montgomery'^ of a 
solitary cyst with a calcified wall in the right upper quadrant. We 
ha\'e little explanation for these cysts, but since they have been 
reported in children we must give considerable weight to the idea that 
they are fetal inclusions. 

Summary. A calcified cyst of the spleen is reported, which it seems 
had probably developed since 19.38. There is no record of its presence 
being observed in the films that were made at that time. Furthermore, 
the patient’s itching and subicteric color were of recent origin, giving 
credence to the view that the cyst was of hemorrhagic origin and its 
calcification recent. We know that hematomas in muscle will calcify 
in 10 days so tliat there is no reason for us to postulate that this cyst 
was of congenital or juvenile origin. 

Conclusion. The radiologist should be aware of two possibilities 
when annular calcified shadows are encountered in the left upper 
quadrant, namely, aneurysm of the splenic artery and calcified solitary 
cyst of the spleen. Second, the differential diagnosis can be made with 
the stethoscope. Third, aneurysm of the splenic arter\- and solitary 
cyst of the spleen are more common than the literature would indicate 
and should be given definite consideration in the presence of any left 
upper quadrant mass. 

Grafeful acknowledgment is made to Dr. Louise E. Kcasljcy, Piithologist, and 
Miss A. M. Falck for their assistance. 
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INTRAVASCULAR PARATHYROID GRAFTS 

By Mont R. Reid, M.D.* 

AND 

Joseph Ransohoff, M.D. 

CINCINNATI, OHIO 

(From fche Department of Surgery, College of Medicine of the University of Cincinnati, 
and the Cincinnati General Hospital) 

The striking clinical pictures presented by the endocrine deficiency 
diseases are well known to all. Yet the field of “replacement surgery," 
as it was termed by Harvej'^ Stone in a recent review,^® is still one of the 
most challenging problems of modern therapeutics. 

During the years 1906-1908 Halsted^ performed many transplants 
of thyroid and parath^rroid tissues in dogs, achieving considerable suc- 
cess in the iso-grafting of the latter into the preperitoneal tissues of 
dogs. In the course of these experiments he also formulated the con- 
cept that is often referred to as “Halsted’s Law”— t. c., a physiologic 
need on the part of the host must be present if grafted tissue is to 
function. Recently some authorities have questioned the necessity of a 
preexisting deficiency before grafting, Dunphy and Keeley'^ for example, 
having successfully iso-grafted adrenal tissue to the o\’ary of a dog 
whose other adrenal gland was still functioning. It has not been shown, 
however, that an animal with only one adrenal can be regarded as 
completely free of a deficiency. 

On the basis of earlier work. Stone, Owings and Gey" in 1934 reported 
2 cases of successful parathyroid cross-grafts in humans. From their 
e.xperimental work on dogs, they had concluded that growing the tissue 
in the serum of the donor and the host as a preliminary to implantation 
was necessary before successful cross-grafts could be achie\'ed. This 
method was also used by Houghton, Klassen and Curtis^ in 19.39 in a 
.successful human parathyroid transplant. 0\’er a period of 1 1 days, 
the graft was grown in a constantly changing media with an increasing 
})roportion of the host’s serum, and a decreasing proportion of the 
donor’s serum. Both groups of workers used the axillary areolar tissue 
as the site of implantation. 

In the past, other investigators had been attracted by more vascular 
organs such as spleen and kidney as logical beds for transjjlants. Bui 
because of this very vascularity and the postoperative formation of 
strangulating hematomata, they were forced to abandon these sites. 

It appeared to us, however, that the fault lay primarily in the 
method of implantation rather than in the site selected, and that trans- 
portation of tlie grafts by the blood stream to the final bed might le.ssen 
the degree of postoperati\'e hemorrhage. In 1 933 I linsmore.* in tcvww- 
iug thyroitl tumors and their intrava.^cular metastase.s. gave excellent 
J^upport for the efficacy of this method of grafting. Heid and Steven- 
.son,® working at this clinic in ]93(). attempted embolic grafting of 


Kccvntly don\'V‘'CvI, 
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parathjToid glands to the leg muscles of dogs via the femoral artery. 
There were no clear-cut takes in these animals. 

Stone, in the review already referred to, states that '‘the bed should 
be of loose structure, otherwise tissue pressure will compress the graft.'' 
As a method was at hand which enabled us to invade the most vascular 
organs, the lungs seemed to answer admirably this second prerequisite, 
that is, looseness of structure. With the foregoing as a basis, the follow- 
ing experiments were performed. 

Method. ^ Mongrel dogs were used. Through a midline incision in the neck, 
both thyroid glands were exposed. The inferior pole vessels were divided at 
least 2 cm. from the gland. Using these vessels as pedicles, the glands were 
separated from the surrounding muscle by sharp dissection. The lateral and 
upper pole arteries and veins were also divided as far as possible from the 
gland. The four parathyroid glands were dissected free from the mass of 
tissue and cut into 2 mm. size fragments, in all cases 4 glandules having been 
found. These were injected into the external jugular veins which had been 
previously isolated through the same midline incision. In several of the earliest 
experiments the glands were placed whole in the opened lumen of the vein. In 
ail cases the transplants were flushed down toward the heart with 200 cc. of 
saline. 


Table 1.~~Record of 11 Parathyroid Isografted Dogs Showing Frequency of 
Administration of Calcium and Parathormone for the 
Treatment of Tetany 


Dog 
No. 
66S . 
573 . 
617 . 

566 . 
634 . 
678 . 
620 . 
654 . 
633 . 
621 . 

m . 


Postoperative daj^s 


1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
XX xxxxxxxxxO 
XXXXXXX X X X 0 

X X X X X X X 


XXXXXXXXX X X X xO 

XXX X X 

X 0 

XXX 0 

X 0 

XX X 0 

Mild tetany on occagion'—no therapy need 


XXX X 


X X 


X X 


X X 


Remarks 

Sacrificed 
6 months 

Died 43 days 


Sacrificed 
5 months 
Sacrificed 
7 months 


Total daily 

therapy 342735634434 221 12211 11 

Key: x, 10 cc. calcinin gluconate and 1 cc. paratharmone i.v. 0* dog died in tetany. 


Results. Two groups of experiments were performed. Eleven dogs 
received their own parathyroid glands according to the procedure 
described above (Table 1). Three of these animals lived until sacri- 
ficed at 5, 6, and 7 months respectively after grafting; all had essentially 
normal blood chemical findings after having gone through a period in 
which calcium levels were sufficiently low to cause tetany. Eight dogs 
died of tetany when unobserved during the night (bitten tongues, 
upset food pans, and distorted positions being considered as evidence of 
a tetanic death). No deaths occurred during an observed attack of 
tetany, specific therapy being given when it became obvious that 

spontaneous recovery would not take place. r^r-nnhof 

As shown on the accompanying chart, a composite of the 
these 11 animals, there was a marked diminution of specific therapj 
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needed to maintain them free of tetany during the second 2 postoper- 
ative weeks as compared with the first 2. It is important to note that 
the same number of dogs died in each period and that 3 dogs lived 
through both. 

A second group of 12 dogs were operated on, cross-grafts of the 
parathyroids being performed according to the procedure described 
above. Five of these dogs lived for over a month postoperatively and 
one as long as 3 months. In general, these animals showed the same 
phenomenon, of decreasing frequency of specific therapy described 
above. However, after approximately 3 to 5 weeks tliere was again a 



Fig. 1.— Photomicrograph of an embolus at the margin of the lung surrounded by an 
t^rca of fibrosis. TJic tissue architecture is not characteristic, but the cellular detail 
closely resembles that seen in dog parathyroid. (X 150.1 

rise in the frequency of therapy until, at the time of their deaths, they 
needed calcium and parathormone almost daily. Dog 7(K) can be cited 
as an example of this type of behavior, for after needing calcium gluco- 
nate and parathormone on the Gth and 9th postoj)erativc days, he 
'vent 2\ weeks without therapy. On the -Ith ]K>st operative day the 
blood calcuun level was G.o mg. per 100 cc. and tlic phos])honis G mg. 
per 100 ec.; on the 13th day, lunvever, tlie calcium was 7..’) mg. per lOf' 
VC. and the phosphorus 5 mg. per 100 cc. Yet from the 2tUh day until 
his death on the 53d day, he needed a total of 12 units of iluTapy. heintr 
^iven increasingly closer together towards the end »>f his life. Ten days 
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before his death in tetany, the calcium level was 5,2 mg. per 100 cc. 
and the phosphorus level 7 mg. per 100 cc. 

There were no evidences in the immediate postoperative periods of 
the signs or symptoms of pulmonary emboli, or later of pulmonary 
infarcts. All dogs had careful postmortem examinations of the lungs, 
heart, and great vessels in an attempt to find the parathjToid emboli. 
A small mass in the left upper lobe of Dog 620, who died 2 weeks after 
cross-grafting, proved to be a fibrous tissue plug in a small pulmonary 
vessel. About the margins of this embolus are cells which micro- 
scopically resemble parathyroid cells. Sections of a similar mass in 
the lungs of Dog 617, sacrificed approximately 6 months after auto- 
grafting (Fig. 1), showed it to be a cellular mass occluding a pulmonary 
vessel surrounded by a small area of pulmonary fibrosis. While the 
architecture of this tissue is not like that seen in normal dog para- 
thjToid, the cellular detail resembles that seen in these glands. 

Discussion. In order to be certain that all parathyroids are removed 
it has been shown that it is necessary to perform complete thjTO- 
parathjToidectomies. In 1931 Kunde, Oslund, and Kern^ temporarily 
prevented the appearance of tetany in similarly prepared dogs by 75 to 
100 gr. (8 to 12 gm.) of thjToid extract daily. Aub and co-workers* 
have demonstrated a definite augmentation of the effects of para- 
thormone in tetany by the administration of thjnroid substance. In 
our experiments we attempted, purely empirically, to establish a some- 
what normal thjTO-parathjToid relationship by the administration of 
1 gr. (6.5 mg.) of thjToid each day. We do not believe this amount 
was sufficient to delay or prevent the appearance of tetanj", nor were 
the animals myxedematous. 

Considering the group of iso-grafted dogs, it appears to us that the 
phenomenon of decreasing need for therapj^ associated with a slowly 
rising calcium and failing phosphorus can be taken as evidence of 
functioning parathjToid grafts in the lungs. If it had been possible to 
give these animals 24-hour nursing care, we believe that many of the 
fatal attacks of tetany could have been aborted and more animals 
carried to complete reco^mry. This contention is supported by the 
fact that the 3 dogs that lived 5, 6 and 7 months on tlieir transplanted 
glands, lived until sacrificed. Their records are very similar in the 
early postoperative weeks with those of dogs that died in unobserved 
attacks of tetany. 

The course of the cross-grafted dogs is more difficult to interpret. 
Most of these animals appeared to be supporting growing grafts for 
some time when a change in their course occurred, finally ending m a 
tetanic death. This tj-pe of cycle is known to occur in cross skin grafts; 
and Stone, in discussing immediate cross-grafts of thjToid and para- 
thiToid tissues, felt that involved in this phenomenon was a defense 
mechanism on the part of the host set in motion by the foreign protein 


° When discussing the possible clinical application of this method of 
grafting, the effect of these small pulmonary emboli must be co/isiderert. 
In do^: we can say that they did not give rise to any discernible 
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deleterious results. Karsner and Ash® produced small areas of fibrosis 
in the lungs of dogs by the injection of turnip and radish seeds into the 
jugular vein. They do not mention any ill effects suggestive of clin- 
ically significant emboli. Norris and Landis,® in their te.'ctbook on 
diseases of the chest, mention that small pulmonary emboli pass 
unnoticed or cause at most “a few days disturbance.” 

The question of an adequate source of property prepared and accli- 
mated tissue for cross-grafting is beyond the scope of this report. It is 
possible that stock tissue cultures grown in pooled human plasma 
might offer a satisfactory answer. But gi^mn sucli a source, the method 
herein presented would lend itself to repeated grafting attempts until 
successful takes were achieved, repeated attempts with only a small 
degree of operative trauma and an unlimited implantation site. 

Summary. A method of achieving intravascular pulmonary grafts i.s 
discussed. Experimental evidence in dogs is presented to demonstrate 
the efficacy of the procedure. 
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CARCINOMA OF THE DUODEITOM 
By John W. How.vrd, M.D.* 
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of Public Health) 

From 1927 through 1939, 3 cases of primary duodenal carcinoma 
were seen at Pondville Ilospital. These rare tumors ha\ e received 
TOiisiderable discussion in the literature during the last 40 years. 
The situation is confused, however, by duplication of cases and by the 
inclusion of examples of carcinoma of the head f)f the paricTea.s. the 
piipilla of Ynter, the bile ducts, and the gall ))]adfier. Such errors 
have tended to increase the number of reported cases, particularly in 
regard to the second portion of the duodenum. Many seri(‘s of such 
casc.s must necessarily be set aside, and even after careful ana)ys)>. 
r’ne cannot be absolutely certain that pancreatic carcinomas or oiIht 
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luiJtructor in PatholofO', University of Penn^vh*nn:n Medic.il 


736 


HOWAED: CAECINOJiLl OF THE DtFODENUlM 


tj'pes of malignancies do not enter into the statistical recording. Since 
the major portion of the work may be devoted to the treatment of 
cancer, findings from Pondville and similar hospitals are not compar- 
able with those from general hospitals. During the same period that 
the 3 duodenal carcinomas were seen at Pondville, there were 2 car- 
cinomas of the papilla of Vater among a total of 1654 autopsies. In a 
similar period, there passed through the laboratory 181 carcinomas of 
the stomach and 444 carcinomas of the colon and rectum. 

Deaver and Ravdin® and JMcGuire and Cornish®** both reported an 
incidence of duodenal carcinoma of 0.03% in 151,201 collected autopsies 
and Eger^^ reported a similar figure in 350,286 collected autopsies. 
Table 1 shows an analysis of 117,433 autopsies with an incidence of 
0.047 % for carcinoma of the duodenum. 


Table 1.— Incidence of Ddodenal Cabcinoma 

No. of 

No. of 

Source 

autopsies 

duodenal catc. 

Madyi,” Vienna, 1870-1881 

. 20,480 

2 

NothDagel,^^ VioDna, 1SS2-1S93 

. 21,358 

5 

M, Muller,*^ Berne, 1SS6-1891 

. 5,621 

6 

Perry and Guy's Hosp., 1 826-1893 

. 17,652 

4 

McGlinn,*® Phila. Gen. Hosp., 1913 

. 9,000 

1 

Rupp,'‘s Zurich, 1912 

, 4,258 

1 

F. Muller," Basle, 1874-1904 

. 11,314 

6 

Nickerson and Williams,” Boston, 1896-1935 

. 11,206 

6 

Mej’er and Rosenberg," Chicago, 1931 . 

. 10,876 

4 

Jetter,® Buffalo, 1918-1937 

. 5,668 

0 

Total 

. 117,433 

55 (0.047%) 


In estimating the comparative incidence of carcinoma of the large 
and small bowel in the literature, a number of values are found: 
Raiford'*^ 11.6%, Jefferson®^ 3.1%, Eger'^ 2.7%, BrilP and Ewing'® 
2.5%, Mayo®® 1.4%. Analysis of 152 small intestinal carcinomas 
gives a percentage incidence of 1.47% (Table 2). IVhat part other 
malignancies than carcinoma plaj- in reported figures is hard to esti- 
mate. Medinger®® reported 22 cases of malignancies in the small 
intestines with 30% sarcomas. Raiford^"* analyzed 88 tumors of 


Table 2. — Incidence of Cabcikoma of Small Intestine 

Carcinosia 

Carcinoma of 

Source small intestines 


MadylM C 

Nothnagel’s II 

M. Muller" 9 

F. Muller" S 

Merer and Rosenberg" 10 

Raiford," 1932 12 

Nickerson and Williams’' ° 

Mayo Clinic.” 1907-1939 73 

Stein « 1931-1936 6 

Jetter^ - 

Pondville series, 1927'-1939 G 


IN Intestinal 
T otal 

ca. intestines 
100 
243 
41 
123 
5G9 
3(H 
343 
7,775 
259 
133 
450 


Total . 


152 (1.47%) 10,340 


the small intestines 
were carcinomata. 


of which 38 were malignant, and 42% of those 
If one correlates this fact with the published ngurca 
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of Jefferson, Eger, Brill, Ewing, and others, it will be seen that the 
value of 1.5% applies generally for the incidence of intestinal car- 
cinomas in the small bowel. Including the stomach in the evaluation, 
the latest Mayo figures*® report an incidence of 0.57% in the 14,900 
cases. 

The opinion often quoted, that the jejunum is least frequently the 
site of carcinoma, appears to have been based on analysis of the 
earlier reported series. Of 163 reported cases, including the Pondville 
series (Table 3), carcinoma is found in the duodenum 37%, jejunum 
35%, and ileum 28%, showing that the duodenum and jejunum are 
more likely to undergo carcinomatous changes than the ileum. Sar- 
coma, on the other hand, most frequently occurs in the ileum.'"’'®- 


Table Incidence of Carcinoma of Small Intestine According to Locality 


Source 

Duodenum 

Jejunum 

Ilrtim 

Madyl26 

2 

0 

4 

Nothnagel^® 

5 

0 

G 

F. Muller^^ ....... 

. . t) 

0 

2 

Meyer and Rosenberg^^ 

4 

3 

3 

Joyce.JJ 1932 .... 

1 

2 

I 

Raiford”** 

. . 5 

4 

3 

Nickerson and Williams®^ . 

. . 6 

2 

0 

Medinger,32 1927-1939 .... 

. . 3 

11 

2 

Mayo Clinic25 .... 

23 

31 

21 

Stein^2 

2 

2 

2 

Jotter- 

. . 0 

1 

0 

Pondville series 

. , 3 

1 

2 

Total 

. . 60(37%) 

57 (35%) 

4G (2S%) 

J'lie distribution of carcinoma within the duodenum is not .so easily 


analyzed. Dividing the duodenum into 3 parts (1st or preampullary, 
2d or periampullary, and 3d or prejejunal), the periampullary region 
appears to be the most frequent site of carcinoma (Table 4), although 
tlicrc is some question whether, if carcinomas of proven origin in the 
duodenum alone were used, there would be much difference between 
the 1st and 2d portions. The 3d portion, however, is undoubtedly 
less frequently subject to malignant change although .scattered cases 
are reported .®*® 


Tabi.k -1. — Tn’ciden'ce of Duodenal Carcinoma Accordino to Portion or 



Origin in 

DrODENt'M 



Source 


1st portion 

2*1 portion 

Bd portiot 

Moyer and Rosenberg*^ 


. . 0 

3 

1 

Raiford** .... 


2 

1 

•> 

Nickerson and 'Williams 

37 

. . 3 

3 

(» 

Uewis.^ 192S 


5 

5 

<1 

Mnyo Clinic.'- 1925 . 


. . 

('• 

3 

Matcor and Hartman,** 

1932 

1 

\ 

1 

Pic,^' 1895 


o 

i 

1 

Pondville series . 


1 


** 


Total . . COC.asCJ) 2f'. MS':: > IClT'I'';-' 

Etiology. The causation of carcinoma of the dnodcmim has been 
discussed for years without much clarihcation. Early writers inclineil 
to associate cancer with prtH'xisting duodenal ulcers. .Icffcrsmv^ col- 
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lected 30 such cases and after careful evaluation concluded, ‘'that a 
causal^ relationship between simple ulcer and carcinoma is difficult to 
establish in the case of the duodenum/' He reported that 99.2% of 
duodenal ulcers occurred in the 1st portion, which in itself is an argu- 
ment against such an association. Dewis® felt that duodenal car- 
cinoma probably developed independently and that there was little 
evidence for preexisting ulcers. Many observers have been misled by 
the ulcerating nature of tlae carcinoma itself and it is quite probable 
that many of the so-called cases are in reality ulcers secondary to the 
cancer. 

Malignant changes in aberrant gastric glands, pancreatic rests, and 
Brunner's glands have had many old and recent advocates. Bland- 
Sutton,- commenting on these theories, thought that “they belong to 
the domain of fiction." Robertson**® has recently reviewed a large 
number of duodenums and has only twice observed evidence of pro- 
liferative activity in Brunner's glands. After reviewing many of the 
recorded cases of Brunner’s gland carcinoma, he concluded that hyper- 
plastic and neoplastic involvements are very rare and that only a few 
of the reported cases of carcinoma arising from these glands could be 
accepted without reservations. 

The relation of pobq)s and adenomas to duodenal carcinoma is still 
controversial. Raiford**^ found adenomas tlie most common benign 
tumor in the small intestines, with the highest incidence in the ileum, 
and thought that they were more susceptible to invasion by carcinoma 
because of their abnormal arrangement of epithelial lining. Saint**^ 
reported that 25% of all polypi occurred in the small intestines. In 
this group, there was only 1 adenoma and that was located in the 
duodenum. In the large intestines, 36 of 44 polypi were adenomas. 
Generally, however, most cases of malignancy of the small intestines 
are not associated with pobqDosis.^- Geiser*® maintained that the 
duodenal contents chronically irritated a fold of mucosa, producing 
cancer. Forgue and Chauvin^® believed that the fixation of the parietal 
epithelium, the 4 fiexiires, and the fact that the duodenum was the 
most widely dilated portion of the intestines were in favor of duodenal 


carcinoma. 

HeggS“® associated the behavior of pyloric carcinoma, which freel> 
infiltrates the stomach wall but declines to affect the duodenum, with 
the rarity of duodenal carcinoma. Xagel/® however, has shown that 
this limitation is more apparent than real and cites 48 of 256 compiled 
cases in which malignancy had macroscopically or microscopically 
extended beyond the pylorus. Rankin and IMayo^® have always main- 
tained that the fluid nature, the alkalinity, and the absence cff 
bends explained the raritj^ of tumors of the small bowel. Raimrd 
has suggested that, due to the fact that the small intestine developed 
in the last 4 months of fetal life, it would be plausible to assume that 
there would be far less opportunity for arrested development and mis- 
placed embryonic tissue than in the remainder of the gastro-inte^^tin 

tract. 
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Pathologic Anatomy. Carcinomas of the duodenum usually occur 
singly in either a stenosing or polypoid form. Eusterman, Berkman 
and Swan^- found 13 stenosing types in their series of 1 5. Nickerson 
and Williams®’ found that the stenosing type predominated 3 to 1. 
The stenosing forms infiltrate into the tissues beneath the mucosa and 
tend to encircle the lumen. Ulceration and scirrhous replacement are 
eommon, causing obstruction by narrowing the lumen. The tumor 
occurs as an adenocarcinoma or an undifferentiated, medullary car- 
cinoma. Fenwick and Fenwick‘S state that this type is more common 
in the 3d portion. Extensive carcinoma may occur in the 3d portion, 
however, without causing obstruction (Case 3). The polypoid type 
tends to be limited to the mucosa and occurs as a malignant adenoma 
or a papillary adenocarcinoma. The tumor is composed of large 
wlumnar or cylindrical cells with abundant cytoplasm and large, 
vesicular, hyperchromatic nuclei. Glandular differentiation \’aries 
from well-defined glands in the malignant adenomas to a few ill- 
defined acini in certain types of adenocarcinoma. Mucin may appear 
either in irregular spaces or in isolated groups of ‘‘signet ring cells." 
Obstruction may occur from blockage of the lumen. Judd®"' felt that 
this type of growth was more commonly found in the 1st portion. 

In 1895, Pic'* pointed out the difference between carcinoma of the 
papilla and duodenal carcinoma and noted that the former “as a rule, 
constitute circumscribed tumors that occupy only a portion of the 
intestinal wall and consequently resemble, in this respect, carcinomas 
that are situated in the head of the pancreas itself, whereas, true duo- 
denal carcinoma show the same tendency that is so common in other 
lorins of intestinal carcinoma, namely, to develop in an annular or 
cylindric manner and so involve the whole circumference of the intestine. 

Metastases. Opinions vaiy on the time and e.xtent of metastases. 
Generally, the bulk of evidence indicates that they are late and chiefly 
involve the regional lymph nodes followed more rarely by involvement 
nf the mesentery, liver, lungs, peritoneum, supraclavicular nodes, and 
hone. Early writers mention metastases to the pancreas; but recent 
ca.ses fail to substantiate these findings. Nickerson and Wiiliam.s®* 
observed this fact and concluded that “ lack of pancreatic mctasta.<c^ 
emphasizes the necessity of carefully excluding primary carcinoma of 
the pancreas and that this factor may well e.xplain the variation of 
incidence noted in other reported series.” Craig’ studied the lymph 
glands in carcinoma of the small intestines and found 36% eventually 
metastasized and observed that neither the size of the growth, the 
duration of symptoms, the size of the nodes, nor the number of palpable 
nodes was a reliable index of lymphatic involvement. 

Signs and Symptoms. Carcinoma of the duodenum occur.-^ approxi- 
mately 3 times more often in males than femide.^. 3'he average ag(‘ 
falls in the bth decade with reported cases ranging fr<un 17 to M year.'. 

In 1899, Aaron* wrote, “For therapeutic reasons, the diacnosis of 
carcinoma of the duodenum should be made as early as po.^sible. a task 
that rcqnire.s the keenest metlieal acumen. In the majority of ('ases. 
the tumors are quite large when discovered, for wheti they are small 
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we do not get many sjmiptoms so long as the lumen of the intestine 
is patulous.” The truth of this statement still holds today and the 
problem of diagnosis is still a difficult one. hlayo-s found, after 
reviewing 2S cases of carcinoma of the duodenum, that the diagnosis 
had been actually or tentatively made in 29.2%. 

A majority of cases are characterized by a prodromal period of none 
too characteristic signs or symptoms. The complaints are chiefly 
referable to the stomach although they are often mistaken for chronic 
cholecystitis, peptic ulcer, or primary anemia.^ Vague epigastric dis- 
tress with occasional attacks of pain, anorexia, weakness, and loss of 
weight are usually present. Nausea and vomiting may occur, asso- 
ciated with recurrent attacks of intestinal obstruction. There is 
usually a moderate to marked anemia which frequently will be the 
only presenting symptom.’® The anemia may be either macroc^dic 
and hyperchromatic probably due to a failure of absorption of the 
Hematopoietic Principle of Castle, or microcytic and hypochromic due 
to blood loss and failure of absorption of iron. Plunkett, Foley and 
SnelP® believed that the problem was one of absorption rather than of 
blood loss. Sowles,®’ on the other hand, thought that there would be 
no anemia unless ulceration occui'red. Both types do occur, although 
the hypochromic type appears to be more common. In obstructive 
cases, there is marked alteration in absorption and severe blood loss 
occurs in the ulcerative k^•pe (Case 3). In a number of cases where 
the lesion has remained small and intact without causing obstruction 
the blood picture has remained essentially normal. 

Occult blood in the stools is a rather consistent finding. The gastric 
anah'sis varies with a trend towards low or absent free hydrochloric 
acid. Cases are reported with hyperacidity.’® Palpable tumor masses 
occasionally are reported but generally this sign is uncommon. .Jaun- 
dice is rare even with in^'oh-ement of the 2d portion, except in the 
terminal period. Early UTiters stressed this sign as characteristic of 
carcinoma of the 2d portion, and IMateer and Hartman®' have recently 
reported its presence in 5 of 6 patients. The Mayo series'® contrariiy 
notes its absence. With infra-ampullary carcinoma, jaundice is char- 
acteristically absent. 

As the malignant lesion progresses, many cause obstruction. _ At 
this stage, dehydration and toxemia occur as serious complications. 
McVicar,®’ and Eusterman, Berkman and Swan’® report cases present- 
ing shock, uremia, and tetany-like manifestations associated with a 
rise in blood urea, a fall in plasma chlorides, and a rise in the CO 2 
combining power of the plasma. 

Perforation of duodenal carcinomas is rare, but may abruptly caii-se 
the first symptom. Dewis® refers to an example of this in the fi^t 
recorded case of Hambergers in 1746. Ylvisaker®® recently reported a 
case of carcinoma of the 3d portion with perforation and formation oi 


a localized abscess. • r i vr.<;«f>l 

Occasionallv death may occur from erosion of a blood-\ es.sei. 
Alateer and Hartman®® reported a case eroding the g^stro-duodena 
arterv and jMever and Rosenberg®® an additional case. Case 3 of tJii 
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series died following rupture of the first jejunal branch of the superior 
mesenteric artery. 

In the 1st portion of the duodenum, the symptoms simulate those 
of pyloric carcinoma. In the 2d portion, carcinoma of the duodenum 
may simulate carcinoma of the ampulla of Vater with jaundice, fever 
and sepsis. Outerbridge^® felt that it was unnecessary to separate 
these groups, although pathologically they were dift'erent. In the 
3d portion, carcinoma is characterized by bile in the gastric contents 
providing obstruction has occurred. 

Roentgenograms are of increasing aid in the diagnosis of carcinoma 
of the duodenum, although much less reliable than in other portions 
of the gastro-intestinal tract. In over one-half of the proved cases, 
the Roentgen ray evidence has been negative. In Case 3 of this series, 
the gastro-intestinal series was negative on 4 different occasions with 
different examiners. Doub and Jones^® and Raiford'’® list the following 
findings depending upon the stage of the disease and the amount of 
deformity and obstruction; (1) Dilatation and vigorous reverse 
peristalsis in which the tumor has caused obstruction; (2) filling defect 
more commonly an irregular narrowing but frequently simulating tiie 
picture of an ulcer. Harris and Green'^ advise tiie use of f to 3 hour 
films during a barium examination in order to obtain a full \’iew of the 
duodenum. Mayo®® recently reported additional aid in Roentgen ray 
diagnosis through the use of the Miller-Abbott tube. 

Differential Diagnosis. The following conditions must be kept in 
mind. Malignant and benign pyloric obstruction, carcinoma of the 
head of the pancreas or gall bladder with involvement of the duodenum , 
carcinoma of the papilla or terminal portion of the common duct, 
mflammatory masses, peritoneal tuberculosis, angiomesenteric ileus, 
and actinomycosis, a rare condition reported by Wheeler.®® 

^ Prognosis. The average duration of reported case lias been from 
fi to 14 months. Unless diagnosed and treated early, the mortality 
<s extremely high. Mayo®® reports S cases (12. .3%) sur\-iving 5 years. 
i^Ieyer and Rosenberg®® refer to 2 cases operated witli reco\-cr\-, and 
bundberg®® and Syme®® each have reported a case of carcinoma of the 
3d portion with operation and recovery. 

Case Reports.* Case 1 (Poiid\-ilIe No. 111). A 05 year old male admitted 
ea 10/12/27 with the complaints of epigastric pain and distress of 2 years 
duration, anorc.xia, weakness, and 30 pounds weight loss. His pain came 
on shortly before meals and was relieved by milk and soda. Si.x months 
before admis.sion, he had begun noting tarn' stools and there had been 1 .severe 
adcstinal liomorrhage. Phj'sical c.xamination revc.alcd marked tenderne.^ and 
^P.asm over the right rectus muscle above the umbilicus and a severe anemia, 
upper gastro-intestinal Roentgen ray.= revealed the duodenum disidaecnl to the 
right with a large filling defect in the 1st portion .suggesting a chronic indnratctl 
ulcer. On 11/2/27, tlic jiatient died suddenly from hemorrhage. 

A ufopsy (partial) revealed a crater-like defonnity just below the jndorus. 
Alicroscopic section revealed adenocarcinoma. 

Diagnosis: Adenocarcinoma of 1st portion of diKKlemnn. 

Cases 1 and 2 were recentiv included in a rej-ort !\v Rijvo .and Hewr>- Kadi-Ve-ry. 
38, 7. jpjo 
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Case 2 (Pond^^e No* 16472), An 80 year old male admitted on ll/lo/39 
complaining of epigastric distress, pains across the lower abdomen, weakness, 
and 27 pounds weight loss. For 2 months there had been constipation and 
tarry stools followed by diarrhea 3 weeks before admission. Previous to 
admission, he had been digitalized for heart disease. Physical examination 
revealed a marked anemia and a moderately enlarged liver. On 11/18/39, 
he suffered marked respiratory distress and expired vdthin a few minutes. 

Autopsy revealed the distal third of the duodenum almost entirel3’’ replaced 
by a stenosing tumor. The base and margin were indurated and along the 
floor there was e^ddent thrombosed arteries. There were no metastases. In 
the lungs, the major branch of the left pulmonary arter}^, together with smaller 
right pulmonary arteries, were complete^ occluded by striated antemortem 



clots. Microscopic sections of the duodenal lesion revealed raimfymg 
like structures composed of crowded, acidophilic, cuboidal to C3dm(incai cei ^ 
with larce h\merchromatic nuclei showing a moderate number of mitoses, i 
some areas, the tumor cells appear piled up in less differentiated nifls> .•5. 
Necrosis was marked (Fig. la and b). , , , 

Diagnosis: Adenocarcinoma of 3d portion of duodenurn. j 

Case 3 (Pond\Tlle No* 17235). A 48 year old male admitted 0/h^O, ^ 
Mav 1940 he had been seen outside with the complaints of 
nnusea and xmmiting of 2 years duration. Two gastro-intcstinal 
ravs were repo^^ negative. On entering Pond^ilIe, he was complaining oj 
Sd epigastne pain which came on at night and bore no ^ J “ 

Sfnot relieved by food. His appetite was good and there onh a 
tiS loJ of weight. Physical e.vamination revealed marked LhQ mu.c 
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guarding with an associated pain mnning around the rib margin, a marked 
anemia (4.7 gm. — 30%), stools positive for occult blood, hypoacidity of the 
gastric contents, and 2 negative gastro-intestinal Roentgen rays. On 6/29/40, 
the patient had a sudden fainting spell and the following morning he vomited 
large amounts of blood and a long, firm, blood cast. On 7/2/40, a rigid abdo- 
men was noted and an immediate exploration was performed under local 
anesthesia by Dr. Donald Hight. The stomach and the 1st and 2d portions 
of the duodenum were found extending unusually far to the right. Exposure 
of the 3d portion released a large amount of fecal smelling fluid. The jejunum 
from the ligament of Treitz for a distance of 12 to 15 inches was gangrenous. 
The duodenal-jejunal angle w'as indurated and poorl}’- defined. A Witzel 
enterostomy was performed in lieu of further surgery. The patient failed 
progressively and died on 7/4/40. 



Fig. H>.— Case 2. (X 35.) 


Autopsy revealed the 3d portion of the duodenum together witli the root 
of the mesentciy, the medial portion of the pancreas, and the transver.<c colon 
matted together in a Finn, sujijnirativc mass. The duodenal-jejunal flexure 
"as completely destroyed by a ncerotic, gray-red, 10 cm. tumor mass which 
"'as continuous and indistin^nshablc from the invoh'cd medial portion of the 
pancreas. The edges of the ulcerating mass were indurated and rolled. The 
jejunal branch of the suiicrior mesenteric arterj’ as it crossed the nicenitinc 
mns.s was completely eroded and thrombosed. The regional nodes were cn- 
largctl and Finn, ^'licroscopically, sections of the tumor revealed irregular 
iim.sse,s <)f tumor cells and gland-like structures composed of piknl up, cul>oid.a! 
cells with oval, vesicular, hyperchromatic nuclei cuntaininc prominent nucleoli 
and showing a moderate number of mitoses. Xecro.'is aiui round cell infiltra- 
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tion appeared throughout. All of the lyrnph nodes were negative for tumor 
(Figs. 2 and 3). 

Diagnosis; Adenocarcinoma of 3d portion of duodenum. 

Summary and Conclusions. Three cases of carcinoma of the duo- 
denum are reported including one associated with erosion of the 
superior mesenteric artery. 

In a review of the literature, excluding carcinomas of the pancreas 
and papilla, 55 carcinomas of the duodenum with an incidence of 
0.047% in 117,433 autopsies are recorded. Analyzing 10,340 cases of 
carcinoma of the intestines an incidence of small intestinal carcinoma 
is found to be 1.47 %. Of 163 cases of carcinoma of the small intestine, 
involvement of the duodenum is found in 37%, jejunum 35%, and 
ileum 28% indicating, contrary to frequently quoted opinion, the 
duodenum and jejunum are more likely to undergo carcinomatous 
changes than the ileum. In the duodenum carcinoma appears in the 
1st portion 34%, 2d portion 45%, and 3d portion 21%. 

Carcinomas of the duodenum are generally conceded not to arise 
from preexisting ulcers and are seldom associated with j^olyposis. 
The location of the duodenum and the nature of its contents explain 
more satisfactorily the rarity of tumors in this area. When present, 
these tumors more commonly occur in a stenosing form and less fre- 
quently assume a polypoid structure. They metastasize late and 
usually then only involve adjacent tissues. 

A brief summary of signs and symptoms is presented. 
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THE PEEVENTION OF RENAL PRECIPITATION OF SULFADIAZINE 

IN DOGS 

By Ole J. Jensen, M.D.* 

ASSISTANT RESIDENT 
NEW YORK 

(From the Squier Urological Clinic, Presb^Terian Hospital) 

Precipitation of tlie sulfonamides or their acetyl forms in the uri- 
nary tract has recently^ been shoxrn to be one of the most serious com- 
plications resulting from therapy with these drugs. As yet, no uni- 
formly successful metliod for preventing this complication has been 
reported. Alkalies have been tried, but there is no agreement as to 
tlieir effectiveness; e. g., Peterson and Finland® stated that “Whether 
renal complications occur more frequently in an acid urine than an 
alkaline urine has been a subject of more speculation than objective 
study.” It is the purpose of this experimental study to show that 
precipitation of sulfadiazine and its acetyl form in the urinarj- tract is 
a result of their insolubility in acid urine; but in alkaline urine they 
can be maintained in solution and renal precipitation thereby prevented. 

* There are numerous reports in the literature showing that sulfapyn- 

* Submitted in partial fuJfiJimcnt for the Doctor of Medical Science Desree. 
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dine, sulfathiazole, sulfadiazine, and their acetyl forms are relatively 
insoluble drugs as compared with sulfanilamide. Curtis and Sobiii* 
showed that the solubility of acet.yl sulfathiazole is increased in alkaline 
urine. Sunderman and Pepper'® showed that the solubility of sulfa- 
thiazole and acetyl sulfathiazole is increased in both phosphate buffer 
and urine in the higher pH ranges. Feinstone* found that sulfadiazine 
was more soluble in urine than water. These in\'estigators also found 
that urea, glucose, sodium chloride, and high specific gravity did not 
significantly increase the solubility of these drugs in water or urine. 
Recently, however. Fox and Rose® showed that the solubility of sulfa- 
thiazole and sulfadiazine can be increased manyfold by allowing salt 
formation to occur in alkaline buffer. 



Fig. 1. — The variation in the solubility of sulfadiazine^ sulfathiazole, and their 
acetyl forms in normal human urine from pH 5 to S.5. Horizontal axis: HydroRcnrion 
concentration (pH) of the urine at which drug levels were determined. Vertical axis: 
Mg. per 100 cc. concentration of drug in the urine showing the great increase in the 
solubility of these substances in alkaline urine. 


The first step in tlie prevention of renal precipitation was to deter- 
uiine the solubility of the sulfonamides in urine over the physiologic 
pH range.’' As seen in Figure 1, the solubility of these drugs in acid 
urine below pH 7 is relatively low, but above pH 7, in alkaline urine, 
the solubility is increased manv times. 

}Yhat is the explanation of this increase in solubility in alkaline 
urine? The answer lies in the chemistry of these compounds: I’licy 
are weak acids which ionize and form salts wliich arc relatively sol- 
uble.® It is this soluble salt formation which increases the solubility 
of sulfatliiazole and sulfadiazine.* The importance of this fact may 
be realized by comparing the water solubility of these drugs with the 
urinary solubility ri'uble 1), and contrasting these findings vitli the 
•ncidence of renal complications. 

• Experiments in vitro have shon-n that snlfnnilnmide lias a Ijicher 
Cofencj- at pH 7,S than at pH O.S.» 
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Table 1. — Cosipaeison of IVatek and Urine Solbbilitt 



Solubility 
in water 

Solubility 
in urine 

No. of times 


at 25° C. 

at pH 7.4 

increase in 


(mg./lOO cc.) 

(mg./lOO cc.) 

solubility 

Sulfapyridine 

... 37 

60 

1.6 

Sulfathiazole 

... 60 

220 

3.6 

Sulfadiazine 

... 8 

280 

35.0 

Sulfanilamide . 

. . , 1000 

1700 

1.7 


Sulfanilamide is the most soluble in both water and urine, and the 
solubility of this drug and its acetyl form is well in excess of the urinary 
levels obtained during therapy; there are few, if any, instances of its 
renal precipitation. 

SulfapjTidine represents the other extreme in that it is relatively 
insoluble in water, and its urinary solubility is only slightly increased 
by ionization; accordingly, in urine it is the least soluble of all the 
drugs, and alkaline therapy can improve this but slightly (Table 1). 
It is generallj’’ agreed that therapy with this drug produces the highest 
incidence of renal obstruction. 


Sulfadiazine is the least soluble in water, but its solubility is increased 
over 30 times in urine at pH 7.4 as a result of ionization. At this pH, 
sulfadiazine has a higher urinary solubilitj’' than the other sulfonamides 
except sulfanilamide; but at pH 6.5, its solubility is the lowest. 

Sulfathiazole has a higher water solubility than sulfadiazine, but the 
increase in its solubility by ionization is much less (3.6 times); conse- 
quentlj'’, its solubility in urine at pH 7.4 is also less. 

The acetyl derivatives likewise can ionize to form soluble salts. 
Acetyl sulfapjTidine, however, ionizes only slightly, and accordingly, 
its very low water solubility is but scarcelj'^ increased within the physi- 
ologic pH range (30 mg. at pH S). Acetyl sulfathiazole is e^'en less 
soluble in water (7 mg.), but this is increased considerably by ioniza- 
tion, as seen in Figure 1 (60 mg. at pH 8). Acetyl sulfadiazine differs 
from the others in that it is slightly more soluble than the free form 
(15 cf 12 mg. at 37° C.), and it is more extensively ionized than any 
of the drugs including the free form so that at pH 7.5 a concentration 


of 1000 mg. may be obtained. 

The solubility of tlie sulfonamides may be summarized as follows: 
Sulfanilamide and its acetj’l form, although only slightlj' ionized within 
the physiologic pH range, are relatively soluble in both water and urine. 
Sulfap.'STidine and its acetyl form, relatively insoluble in water, are 
very slightly ionized, and remain very poorty soluble in urine. Sulfa- 
thiazole, sulfadiazine, and tlieir acetyl forms are also relatively insol- 
uble in water, but their high de^ee of ionization and salt formation 
increases many times tlieir solubility in urine above pH 7. 

From a practical point, it seems important to determine whether 
precipitation of sulfadiazine might occur when the urine is acid, and 
might be prevented when the urine is alkaline.^ Experiments were 
then conducted on dogs to determine whether it is possible ty the 
administration of sodium bicarbonate to raise tlie urinaty pH and 
thereby increase the ionization (and solubility) of sulfadiazine sum- 
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ciently to prevent its precipitation in the urinary tract. This was 
compared with the results obtained in acid urine when ammonium 
chloride was administered. These experiments were conducted in 
three parts, as follows: 

Experiment A. Ammonium chloride and sodium bicarbonate were 
administered orally with sulfadiazine to determine the effect of acids 
and alkalies on drug excretion and crystalluria. 

Experiment B. Sodium bicarbonate was administered with pon- 
dered and enteric coated sodium sulfadiazine to compare the effect of 
alkalies on gastro-intestinal absorption and urinary excretion. 

Experiment C. Sulfadiazine was given subcutaneously to eliminate 
variations due to gastro-intestinal absorption: Sodium bicarbonate 
and ammonium chloride were administered by mouth. 

Experiment A. The renal excretion of sulfadiazine in relation to urinarj' 
pH. 

Method. Sulfadiazine* (0.2 gm. per kilo of body weight) was administered 
by mouth daily for 44 days to two normal dogs. During the first 14 da 5 ’^s 
sulfadiazine alone was given (control period). For the next 6 da 3 ’s equal 
amounts of sulfadiazine and sodium bicarbonate were given (alkali period). 
For the next 7 days they received 0.5 gm. enteric coated ammonium chloride 
in addition to the sulfadiazine (acid period). Finalljq thej' were given equal 
doses of sulfadiazine and sodium bicarbonate for the last 11 days. All drugs 
were administered in fresh chopped meat. The fluid intake (unrestricted) was 
recorded for each 24 hour period. The dogs remained in metabolism cages 
throughout the entire experiment. Blood sulfadiazine levels were done twice 
weekly. Urine specimens were collected as voided during the daj', and toluol 
was added to the collecting flasks for the overnight specimens. The quantitj', 
specific grawty, pH and sulfadiazine level of each urine specimen was deter- 
inined.f The pH was measured with the Beckman glass electrode pH meter. 
The sulfadiazine levels were determined bj’’ a modification of the Bratton- 
Marshall method^ using a Klett-Summerson photoelectric colorimeter with a 
Bo. 64 filter. The sulfadiazine levels were done in duplicate and checked 
within 2%. The majority of determinations checked within 1%. 

From this data the daily excretion was determined, and the average percen- 
tage of sulfadiazine excreted in 24 hours was computed. 

licsults. (a) The pH of the urine was raised during the sodium 
bicarbonate period and lowered during the ammonium chloride period. 
The ‘^average” urinary pH during the three periods was as follows: 



Mftir 

Ferrale 


(pH) 

(pH) 

Control 

. . . 6 52 

7 04 

Sodium bicarbonate . 

. . 7 10 

7 25 

Ammonium chloride . 

{> 05 

6 16 


(I*) The urinary sulfadiazine levels fluctuated with tlic changes in 
urinary pH induced by the two adjiu’ant drugs employed (Fig. 4). ^ 

(c) Twcntv-four hour urinarv excretion of sulfadiazine varied di- 
rectly with the pH (Fig. 3, Table 2). 

(d) During tlie ammonium chloride period, crystals of sulfadiazine 
Were present in the urine of both dogs. At this stage of the experi- 

* The vsulfadmzine ui^cd in (hose experiments supplied by Ledcrie 
t'nd E. R, Squihh A- Sons. 

t Since do?s do not ncetybte the sulfonntaides.^ this determination 
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ment a quantitative method for measuring the amount of solid drug 
not in solution was devised^ and conducted as follows: 50 cc. of eacli 
specimen of urine was centrifuged, and a sulfadiazine determination 
was done on 1 cc. of the supernatant and on 1 cc. of the sediment. In 
a qurnber of instances a significant difference between the two deter- 
minations was encountered, indicating the presence of large amounts 
of solid drug in the urine which was not in solution and which was 
thrown down by centrifugation. 

Table 2. — The Effect of Sodittm Bicarbonate and Ammonium Chloride on the 
Daily Renal Excretion of Sulfadiazine by Dogs Receivino 
Constant Dosage op Drug 

Average daily excretion of A%'erage increase or decrease - 
sulfadiazine from control period 



Grams 

Per cent 

Grams 

Per cent 

Control . . 

M 

. 1.29 

F 

1.15 

M 

40.3 

F 

60.5 


F 

M 

F 

Sodium bicarbonate 

. 2.04 

1.39 

63.9 

73 1 

+ .75 +.24 

+5S 

+21 

Ammonium chloride 

. 0.85 

0.73 

26 5 

3S 4 

~ 45 

- 42 

-35 

-3G 


Dosage: 0.2 gm. sodium bicarbonate per kilogram body weight; male, 3.20 gm.; female, 
1.99 gm. 


(e) Both dogs were then given sodium bicarbonate again, and with 
the rise in urinary pH, the undissolved sulfadiazine in tlie urine disap- 
peared, and the supernatant and sediment levels approximated one 
another. The urinary sulfadiazine levels again exceeded those ob- 
tained during tlie control and ammonium chloride periods. 

(/) Blood sulfadiazine levels averaged 30.8 mg. for the male, and 
15.6 mg. for the female. The blood levels did not vary significantly 
from one period to the next. 

Comment. The increase in solubility of sulfadiazine above pH 7 is 
a result of increased ionization with formation of soluble salts. If the 
pH of tlie urine remains above 7, tlie solubility is increased and tiie 
likelihood of renal precipitation is diminished. 

Figure 2 shows the pH and mg. level of each individual specimen of 
urine throughout the entire e.xperiment. It will be noted that in acid 
urines (below pH 7), the urinary drug levels are considerably lower 
than those in alkaline urines (above pH 7). Furthermore, many of 
the levels above 200 mg. in specimens below pH 7 are false levels; i. c., 
during the ammonium chloride period there was solid drug in the urine, 
and these concentrations do not represent sulfadiazine in solution 
(encircled points, Fig. 2). This is most marked in the male. The pll 
of the female urine was consistently higher than the pH of the male 
urine. Likewise, the per cent of drug excreted per day by the female 
was higher, and the amount of solid drug in the female urine was con- 


sistently less. _ ^ . 

There is a close correlation between the effect in vitro of pH on drug 
solubility and the results of these experiments. When an average line 
is dra'n'n through the concentration points (Fig. 2), the resulting curve 
U similar to. the in tftro solubility curve (Fig, I). In hoth_dogs tlie 
solid drug disappeared when the pH of the urine e.xceeded /. Iher 
se«r5l e.vc;ptions to this. In Figure 2 the dots tv.lh the circles 
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represent specimens in which there was considerable solid drug. In 
the male there are 4 specimens above pH 7 which contained solid drug. 
If reference is made to Figure 1, it will be seen that the concentration 
of drug in 3 of these exceeds the solubility limits of sulfadiazine. This 
is further confirmation of the relation between pH, urinary levels, and 
renal precipitation. 

The purpose of Experiment B is to determine whether the oral 
administration of sodium sulfadiazine will maintain a higher urinary pH 
than is obtained with sulfadiazine, and thereby avoid renal precipitation. 



Fig. 2. — The occurrence of crystalluria in relation to the pH and drug concentration 
of the x^oidcd urine. Horizontal axis: The pH of the freshly voided urine. Vertical 
axis: Sulfadiazine level in mg. of each specimen. Encircled points represent specimens 
containing solid drug. 



Fi(k 3. — The olTect of sodium hicarl>onate and ammonium chloride on the d.aily renal 
excretion of sulfadiaKinc by dogs receiving constont <ios.age of drug. 


hxrKiii.MENT B. Sodhim sulfadiazine vw pvea orally in equi- 

molar dosea corresponding to the dose of s\ilfadi.azino pven in Exj'erinirnt A. 
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The same two dogs were used in this experiment. Following a control period 
(sodium sulfadiazine only) lasting 9 days, they w*ere given sodium bicarbonate 
for 10 days, but in smaller doses so that the total quantity of sodium given was 
equal to that in Experiment A. 

This experiment was then repeated using enteric coated sodium sulfadiazine 
to avoid precipitation of free sulfadiazine by the hydrochloric acid in the 
stomach. The same routine of blood and urine anal 3 ’'ses were emplo 3 ^ed as in 
Experiment A. 

Results, (a) The pH values of the individual urine rspecimens were 
approximately the same wdth enteric coated sodium sulfadiazine as 
with the powdered sodium sulfadiazine and were no higher tlian during 
the administration of free sulfadiazine alone, '^^lien sodium bicarbo- 
nate was administered so that the total quantity of sodium (including 
sodium sulfadiazine) equaled the amount of sodium given as bicarbo- 
nate wdth the free sulfadiazine, there w^as the same rise in urinar 3 " pH 
as described in Experiment A. 

(6) The urinar}’' sulfadiazine levels during the sodium bicarbonate 
period again exceeded those obtained during the control period. 

(c) Crystals of drug were found in onl 3 ’’ one urine specimen through- 
out this experiment, and in this instance only was there a significant 
variation between the supernatant and sediment determinations. 

(d) Tw"ent 3 "-four hour urinar 3 ^ excretion of sodium sulfadiazine, 
either powder or enteric coated, w^as similar to the results obtained 
with the free drug. The increased drug axcretion with the additional 
sodium ion was also similar. 


Male 


Female 


average daily excretion 
Dose 3.21 gm. (sulfadiazine) 


Control .... 
Sodium bicarbonate 


Grams 

1.35 (1.35)* 
1.88(1.82) 


Per cent 
42.4(42 3) 
58.5(57.0) 


average daily excretion 
Dose 1.^ gm. (sulfadiarine) 

Grams Per cent 

0 82(1.0G) 44.3(55 5) 

1,20(1.15) 04.9(00.2) 


* Figures in parentheses are values obtained with powdered sodium sulfadiazine. 

(e) Blood sulfadiazine levels averaged 24.8 mg. for the male, and 
15.7 mg. for the female. Again, there were no significant variations 
from one period to the next. 

Comment. Sodium sulfadiazine is presumably converted to sulfa- 
diazine in the acid contents of the stomach. The purpose, therefore, 
of giving the enteric coated sodium sulfadiazine was to eliminate this 
conversion in the stomach. It has, however, been shown that the 
small intestinal contents are also acid,® so that prior to absorption, 
most of the salt is changed to the acid form, regardless of the enteric 
coating. At the time of absorption, or just afterwards, the drug is in 
the alkaline environment of the blood (pH 7.4) and almost completely 

ionized.® . , , . „ , . • ♦ - 

Since the alkali or acid therapy might have influenced gastro-intea* 
tinal absorption of sulfadiazine and secondarily altered the rate of 
excretion, it was decided to administer the drug subcutaneously to 

eiiminate’this factor in the following experiment. 

men sodium sulfadiazine (0.2 gm. per kilo) was given siibcnta- 
neouslv the urinary levels were far in excess of the levels obtained l>.' 
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oral administration, and the blood levels were also higher (better 
absorption). As there was considerable solid drug not in solution in 
the urine, it was necessary to reduce the dose bj’’ half to 0.1 gra. per kilo. 

Experiment C. Method. Two normal dogs were given 0.109 gm. sodium 
sulfadiazine (equivalent to 0.1 gm. sulfadiazine) per kilo of bodj' weight, by 
injecting a 5.6% solution into the region of the shoulders.* The male dog 
received 32 cc. ; the female, 18.5 cc. each day for 30 days. This experiment was 
again divided into three periods: a control, a sodium bicarbonate, and an 
ammonium chloride period, each lasting 10 days. The sodium bicarbonate 
and ammonium chloride were administered by mouth, as in the previous 
experiments. 

In addition to the routine blood and urine analyses emplojmd in Experiment 
A, specimens of blood were collected under oil at various intervals throughout 
the three periods for pH measurement. 



Fig. 4. — The variations in the urinary concentration of sulfadiazine with adjuvant 
therapy. (The same dose of sulfadiazine was administered throughout the three period.s. 
Crj'stals of sulfadiazine were abundant during the ammonium chloride period and 
were rare during the sodium bicarbonate period. The same results were obtained when 
the drug was given orally or subcutaneously.) 


Results. The urinary sulfadiazine levels were again elevated during 
the sodium bicarbonate period, and depressed during the ammonium 
chloride period (Fig. 4). 

(h) The “average” urinary pH is shown in the following table: 



Male 

IVmflIe 


(pH) 

{pH) 

Control 

. . . C 2S 

7 11> 

Sodium bicarbonate . 

. . . 7.12 

7 S3 

Ammonium chloride . 

. . . 6 17 

G Go 


(c) Twenty-four hour urinary e.xcretion of subcutaneously adminis- 
tered sodium sulfadiazine: 


Male ycmsl? 


Do 5 C 1.6G pni. (fulfadi.aiini') .Pf> Rtn. (‘ulfaiji.arsn*-) 

avcracp d.aily rxfrction avcracf dailj- rx c.-rUo:! 



Grams 

Per cent 

Gram* 

IVf Ctr 

Control . . . . 

1.09 

65 5 

.52 

S5 2 

Sodium bicarbonate , 

1 2S 

77 1 

79 

S2 1 

Ammonium chloride . 

0 S9 

53.6 

. 55 

57 3 


* There was no evidence of infection or irrit.ition in the subcut.'inwus tissue.* during 
the.SOKiay period. There ^^•as onli* ?! Wd induration of the t j«ue .it the si:.- of inject i" :s. 
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(jJ) The variation in the pH of the blood specimens during the three 
periods did not exceed 0.06. The highest pH was 7.25, the lowest 7.19. 

(e) Blood sulfonamide levels averaged 15.8 mg. for the male, and 
11.7 mg. for the female. There were no significant variations in blood 
levels during the three periods. 

Comment. During the three periods there was no significant change 
in blood pH, and presumably the rate of absorption of sulfadiazine 
from the subcutaneous tissues remained constant. There was, how- 
ever, the same increase in sulfadiazine concentration in the urine dur- 
ing the sodium bicarbonate period, and decrease during the ammonium 
chloride period (Fig. 4) as seen in the experiments with oral adminis- 
tration of the drug. 

The drug output of the male dog, as in previous experiments, in- 
creased during alkali therapy, and decreased during acid therapy. 
This was also true for the female, except that the control pH was high 
(7.19), and at this pH the solubility of sulfadiazine is above the con- 
centration obtained in the urine specimens in this experiment. Accord- 
ingly, during the alkali period, although both pH and drug level 
increased, the 24 hour excretion did not, partly because of diminished 
fluid intake. 

Discussion. Alkali therapy was originally used with sulfanilamide 
to combat acidoses; but subsequently this was discontinued. When 
sulfap^widine was introduced, renal obstruction was frequently encoun- 
tered, and alkalies were again administered in an effort to prevent this 
complication. Alkalies do not prevent precipitation of sulfapj,Tidinc, 
since they increase its solubility but slightly.- The solubility of sulfa- 
thiazole and sulfadiazine, on the other hand, is greatly increased by 
alkali therapy provided the urinary pH is maintained abo\‘e pH 7. 
To accomplish tiiis, sufficient alkali is required to neutralize the acidify 
of sulfadiazine itself in addition to the urinary acidity. 

'l^Tiy does one patient receiving sulfadiazine have renal precipitation 
of the drug, and another patient receiving the same dosage have no 
evidence of renal obstruction? Since there is a wide (individual) varia- 
tion in the pH of urine, it seems logical that the person with a con- 
sistently acid urine would be the most likely to precipitate the drug in 
the kidneys. 

These relationships are particularly essential when large closes of 
drugs are given. For e-xample, if a patient absorbs G gm. of sulfadiazine 
per day and has an average daily output of 1500 cc. of urine, it would 
require an average urinary level of 400 mg. to excrete the total quan- 
titj' in 24 hours. Doubling the daily output of urine might halve the 
urinary sulfonamide concentration, but this level would still be far ui 
excess of the solubility of the drug, and a pH above 7 (preferably 7..>) 
would be needed to insure solution. 

The administration of acids or alkalies during sulfadiazine therapy 
changed the quantity of drug excreted regardless of tlie mode of admin- 
istration. When the drug was given by the subcutaneous route, there 
was the same increase in e.\-cretion during alkali therapy and dcerca.=em 
excretion during acid therapy as occurred when sulfadiazine wa.s given 
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orally. This would indicate that acid and alkali therapy do not alter 
the extent of absorption of sulfadiazine from the gastro-intestinal tract 
but alter the rate of excretion (and reabsorption) by the kidney. 

There was no correlation between specific gravity and drug excretion. 
Low specific gravities were obtained with high urinary concentration 
levels and vice versa. The specific gravity of specimens containing solid 
drug not in solution were evenl,y distributed from 1008 to 1030. 

'Summary. The efl^ect of pH on the solubility of sulfadiazine has 
been demonstrated in vitro and in vivo in these experiments. Insoluble 
sulfadiazine becomes relatively soluble as salt formation is induced by 
raising the urinary pH (Fig. 1). 

Experiments in dogs showed that when the pH of the urine exceeds 7, 
crystalluria is minimal, higher urinary concentrations of drug are 
obtained, and the total quantity of drug excreted is likewise higher 
(Fig. 2). Con^"ersely, during acid therapy, when the urinary pH was 
below 7, crystalluria was marked, urinary levels were low, and the 
total quantity of drug excreted was considerably less. 

A comparison of the pH and sulfadiazine levels in the urine specimens 
of dogs under therapy gave a curve (Fig. 2) that closely simulates the 
in vitro solubility curve (Fig. 1). 

The subcutaneous administration of sulfadiazine (Experiment C) 
increased considerablj'" the degree of absorption of sulfadiazine so that 
smaller doses had to be used. Following the administration of sodium 
bicarbonate, there was the same increase in urinary pH and urinary 
sulfonamide concentration as occurred with the oral administration of 
sulfadiazine. Acid therapy lowered the pH and reduced the urinary 
sulfadiazine concentration and total drug excretion. 

It has been shown in these experiments that raising the urinary pH 
above 7 by the use of sodium bicarbonate is effective in increasing the 
solubility of sulfadiazine and preventing its precipitation in the kidneys 
of dogs. This increased solubility of sulfadiazine in alkaline solutions 
further suggests a method of treatment of renal obstruction resulting 
from the precipitation of the sulfonamides. In the ureteral and pelvic 
lavage therapy of sulfonamide renal obstruction, alkaline bicarbonate 
or carbonate solutions are recommended, since these will dissoh-e drug 
crystals much better than warm water or normal saline solution. These 
methods of prophylaxis and treatment are under clinical trial. 


It is a ploasaro to thank Dr, George F. Cahill and Dr. Charlc> L. Fox. ,fr.. for their 
advice and interest in this work. The technical assistance of Marrraret D. B.ailly 
is Knxtcfully acknowledged. 

REFEREXCES 

E Bn.\TTON\ A. C.. and E. K.. Jn.; J. Biol. Choin.. 537. RL30. 

2. Cunris, A. C.. and SoniN, S. S,; Ann. Int. Med.. 15, SS4. 1051. 

3. Eastman, I. M.. and Milltu. E. G.: Proc. ?oc. Exp. Biol, and Med.. SO. :vs2, 

'K FtiNSTONK, W. H.» Wn.UAMS, R. D., Woi.rr. R. T.. IlrNTiNoTo.v. E., and 
Ckosslky» M, L,: Bull. Johns Hopkins Hosp., 47, 427, 

5, Fox, C, L., Jr., and Rosr. H. M.: Proc, Soc, Exp. Biol, .and Med., 50. 14..'. KM;,' 
tn Fox, C. L., Jr.: Arch. Sur;:., 45, 754, 1012, 

7, Jcxsr.N, O. J.. Jn., and Fox, C. L.. Jn * J. Urok, 40, :C5. lOTk 



756 


VOUNG, STOREY, REDMOND: 


1937' CtfTTijio, TV. C., and Euebsok, IC., Js. ; Science, 85 , 202 , 

9, Petehsox, O. L., and Flveand, M.; Am. J. Med. Sci.. 202, 757, 1941. 

D. S., and Bendiit, E.: A.m. J. Med. Sci., 200, 

(90, 1940. 

II. Sotliit, W. D., Haeperx, M., Gbiftin, G.. and Bnow.v, H.; J. Am. Med 
Assn.. 121. 307. 1943. 
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(From the Department of Medicine, University’' of Rochester School of Medicine and 
Dentistry' and the Medical Service of the Strong Memorial Hospital) 

When an epidemic of primary atypical pneumonia abruptly involved 
the student body and stajf of the UniversiL^' of Rochester School of ' 
Medicine and Dentistr^’■ and the Strong i\femor{al Hospital, it was 
realized that this outbreak among a closed group of known clinical and 
roentgenographic background afforded an unusual opportunity to in- 
vestigate this malady. Accordingly, the earliest sign of illness was 
considered adequate reason for hospitalization. In each case repcatetl 
bedside observations and laboratorj’ studies were made in an effort to 
learn more about these aspects of this disease. The purpose of this 
paper is (1) to report the clinical findings in 40 cases from the institu- 
tional personnel who were hospitalized with definite roentgenographic 
evidence of pneumonia between August 1 and September .30, 1942; and 
(2) to present the results of epidemiologic studies of a slightly larger 
group of patients and 1587 contacts. The epidemiologic investigations 
were carried out vnth the following objectives: (a) to compare the 
chronologic distribution of cases among institutional personnel with 
that among other persons in the community admitted to the^ same 
hospital; (b) to determine, if possible, the e.xplanation for any significant 
differences in the incidence of the disease in various subdivisions of the 
institutional personnel ; (e) to evaluate the contagiousness of the disease; 

(d) to determine whether the chief means of spread of the disease was 
through clinically recognizable cases or through subch’nical ca.«cs and 

carriers. , ... 

Cainical Features. The age distribution of patients m this senes was 
restricted; all but 3 were b^etween 19 and 30 years of age; the oldest 
was 49. There were 32 males and 8 females, nearly all of whom were 
previously in good health. The relative homogeneity of this group of 
patients and the circumscribed nature of the outbreak make it apparent 
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that a single etiologic agent was responsible for virtually all of the cases. 
The clinical features for the most part resembled those described by 
There were no fatalities. 

Symptoms. In most instances, the onset was insidious with pro- 
dromal symptoms of malaise, generalized aching and sore throat lasting 
1 to 7 days. Because sore throat and aching appeared very commonly 
at an early stage of the disease, persons with these symptoms were 
regarded with great suspicion during the epidemic, whereas those with 
simple coryza were thought to be much less liable to develop atypical 
pneumonia. The acute phase of the illness in half the cases began vdth 
chilly sensations, but only 3 had frank, shaking chills. Every patient 
soon developed a persistent cough which was very disturbing and was 
relieved neither by cough mixtures nor by steam inhalations. Although 
the most severely ill patients suffered considerable dj^spnea during the 
stage of maximum pulmonary involvement, and especially after severe 
paroxysms of coughing, this was noted later in the course of the illness 
and was less prominent than in comparable cases of pneumococcal 
pneumonia. This might also be said for cyanosis in these same patients, 
although cyanosis was more prominent than indicated in reports of 
other outbreaks of this same type of illness. Although pleural pain was 
suffered by only 1 patient, half of the patients complained of severe 
substernal pain which was thought to originate in the trachea because 
the onset coincided with that of the cough. The more frequently 
encountered symptoms are listed in Table 1. 


Table I.— Incidence of Symptoms in 40 Patients With Primary Atypical 

Pneumonia 


Symptom 

No. patients 

Cough 

, , . . 40 

Headache 

. . . . 33 

Generalized aching . . . , 

, . , , 33 

Sore throat 

. . . . 30 

Backache 

. . . . 25 

Chilliness 

, , . . 21 

Tracheal pain 

, 20 

Eye pain 

.... 14 

Dyspnea 

.... 12 

Cor>’’za . , 

. . . . 9 

Mental confusion 

. . . . 4 

Pleural pain 

. . . . 1 


Sign.s. In many cases, a relative bradycardia was recorded but in 
the more severely ill patients tachycardia developed just before or 
during the period of lysis. ^ The respiratory rate was significantly 
increased only in the cases with e.xtensive pulmonarv involvement and 
those complicated by asthma or wheezing. The temperature charts 
showed wide variations depending upon the severity of the case, but in 
general, the fever records can be placed in 3 groups: (1) Trventy 
patients with considerable pulmonary involvement and prostration had 
ductuating fever for from d to 11 days with dailv peaks of 39° to 41 ° C. 


’’"'"•'I'’-'’ recently been revievred bv 
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in the afternoon or evening; this was followed by lysis over a period 
ranging from 2 to 4 days. (2) Thirteen moderateh^ ill patients had a 
similar tjT^e of fever for less than 5 daj^. (3) The 7 mild cases had only 
a slight remittent fever for 1 to S days. None of the patients included 
in this study had a sustained high plateau of fever and none developed 
herpes labialis simplex, but herpes has been noted in 2 of 4 more recent 
cases with relative! prolonged high fever. Once the temperature had 
fallen for a day or more, there was very seldom any secondary rise such 
as that reported by Longcope.” 

Slight cervical l^onph node enlargement was noted in several patients 
during convalescence. The only patient with a palpable spleen was a 
medical student known to have congenital hemolytic jaundice. Al- 
though Kneeland and Smetana® have reported arthritis, dermatitis, 
pericarditis and jaundice in severely ill patients, none of these extra- 
pulmonary findings was noted in the group under consideration. 

Chest findings on admission were usually minimal or absent even 
though there was definite evidence of pneumonia by Roentgen ray. 
Most frequently the earliest signs were slight dullness and fine, dry 
rales late in inhalation or only post-tussively. Just before or during 
the period of lysis and clinical improvement rales became more moist 
and abundant and far more widespread, but tubular breathing was 
seldom heard. In general, the chest signs and Roentgen ray findings 
were very similar to those described by others.^’’*-''*®”*-’*'*-*® The distri- 
bution of pulmonary lesions according to lobes (Table 2) was much the 
same as is seen in pneiimococcic pneumonia. This similarity has also 
been noted by Dingle ct al^ ^ 

Table 2. — Location op Pulmonary Lesion in 40 Patients With Primary Atypical 
Pneumonia as Demonstrated by PnYsia\L Signs and Roentgenographs 


Lobe involved 

No. ra.'ses 

Right lower 

11 

Right middle 

1 

Right upper 

2 

Left lower . 

12 

Left upper 

2 

Right lower and left lower 

s 

Other combinations 

4 

Total 

40 


Pleural effusion was suspected in 4 cases by physical signs and in •{ 
of these by Roentgen ray, but was proven in only one case by thor.ncen- 
tesis with removal of clear, yellow fluid which was bactcriologically 
sterile. 

Rocnigcnngraphic Findings. The earliest change in the chest roent- 
genograph was a prominence of basal bronchovascular markings 
e.xtending from the hilus as a fan-shaped shadow. Often tin's change 
was appreciated only by c-omparison with previous films which were 
a\-aiiable in nearly every case. Homogeneous shadow.s of low density 
were later superimposed upon these linear markings. Extension of t he 
fan-shaped density toward the periphery was noted ne.\'t, and m ttie 
more severe infections there was a mottled bronchopncumonic UTie oi 
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infiltration. The resemblance to the Roentgen ray picture of pulmo- 
nary tuberculosis was sometimes striking. Actuallj'’ at the time of 
maximal roentgenographic change, the paJtient had already begun to 
improve clinically. 

In some cases the initial Roentgen ray finding was a basal shadow of 
considerable density which was not unlike that seen in pneumococcal 
pneumonia. 

Asthma. Asthmatic wheezes were noted in 15 cases during the stage 
of resolution. One patient was convalescing from a mild attack of the 
disease when he was exposed to rag^veed pollen and developed severe 
asthma, followed by a serious exacerbation of pneumonia. He was the 
only one who had suffered from asthma during previous ragweed 
seasons. Another patient had moderately severe asthma for several 
days. The remaining 13 patients had definite wheezing and prolonga- 
tion of expiration with some degree of respiratory difficulty. Of the 
40 persons under consideration, 10 gave a history of previous allergic 
disease (asthma, allergic rhinitis, hives or migraine). It is statistically 
significant that 8 of these 10 persons developed asthma or wheezing 
during the stage of resolution, whereas of the 30 patients with negative 
allkgic histories, only 7 developed wheezing. Kneeland and Smetana® 
and L6ngcope“ have also noted obstructive or asthmatic type of 
breathing but have not commented upon it from the standpoint of 
allergy. Its exact significance remains to be determined by further 
observations. 

Laboratory Findings, Spuimn was scanty and thin in the early 
stages of the disease but later it usually became grayish green, mucoid 
and more abundant. Blood streaking was noted only after paroxysms 
of coughing in severely ill patients. On the basis of the pathologic 
findings in the lungs of the few fatal cases of this disease, one might 
expect the sputum to be laden with mononuclear leukocytes, but 
actually the cellular content varied greatl.^^ Some sputum smears 
showed a predominance of polymorphonuclear leukocytes; in others, 
mononuclear cells were more abundant and in still others, the two 
types of cells were equally divided. No correlation between the stage 
of the disease and the cellular content of the sputum could be estab- 
lished. 

Bacicnologie Studies. Smears of sputum stained by the Ziehl- 
Ncelsen technique were prepared at least once in each case but no 
acid-fast bacilli were found. 

^ Cultures of sputum usually showed diphtheroids. Neisseria catarrhalis, 
SiTcpIococcus I'iridans, Hemophilus mfluenzee, Stajdiyhcoccus aureus and 
Siaphylococcus albus. In a few instances pneumococci of the higher 
types were isolated by mouse inoculation but they were never present 
m great numbers on rabbit’s blood agar plates inoculated with sputum. 
uc])eatcd cultures of sputum failed to reveal any convincing evidence 
of secondary bacterial invasion in this disease, but 3 patients had many 
‘^Ionics of beta-hemol\i;ic streptococci in their throat cultures late in 
the acute phase of their illness. 
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Blood ciiUures were obtained 1 to 4 times from every case and all 
were negative. 

Isolation of a virus from sputum, nasal washings and stools by serial 
passage through mice and chick embryos was attempted without 
success. 

iTniminoIogic Studies. Blood serum was collected from many of the 
patients on admission and again at 1 month after the onset of illness. 
These specimens are to be tested for antibodies against a number of the 
viruses known to cause respiratory infection in man and in some 
animals. Thus far, 26 convalescent sera have been tested by comple- 
ment fixation for Rickettsia burneii with negative results.* 

Sheep-cell Agglutination. Fifteen admission specimens and 19 con- 
valescent specimens were tested for sheep-cell agglutination. TJie 
technique consisted of mixing 0.5 ml. of serial dilutions of inactivated 
serum with 0.5 ml. of a 2% suspension of washed sheep cells, after 
which 1 ml. physiologic saline solution was added to each tube to 
bring the total volume up to 2 ml. After the tubes had incubated at 
37"^ C. for 2 hours, they were placed in a refrigerator at 4° C. and read 
the following morning. The results as shown in Table 3 are incon- 
clusive, especially when one considers the sheep-cell agglutination 
titers reported for normal human serum.- However, the fact that 1 
patient, whose serum was negative on admission, developed during 
convalescence a titer of 1:64 and another a titer of 1:512 may he 
significant. In neither of these cases was the blood picture suggestive 
of infectious mononucleosis. Altogether 5 of 11 patients whose admis- 
sion sera were negative developed sheep-cell agglutinins during con- 
valescence. 


Table 3. — Results of 
Tested 

Tests for Sheep Cell Auolutinins in Patif.nts' Skr' 
ON Admission and During Convalescence 

Titer* of correspondinK sera when tested 2o to *10 ciuj'ff 
after onset of ilincsM 

i on 

admi5^ion > 

io. eera 

Nepali VC 

I:S 

i:ir> 

1:32 l:tV4 I 

:M2 

Not tested . 

4 

0 

1 

o 

1 

0 

0 

Negative 

11 

fi 

0 

f> 

1 

1 

1 

1:8 

.3 

2 

1 

0 

9 

0 

0 

1:16 . . . 

1 

0 

0 

1 

0 

0 

0 


— 

— 

— 

— 

— 

- 


Totals .... 

19 

S 

2 

5 


I 

1 


* Titers are expressed in termi^ of final dilution of serum after addition of slieep 
suspension and saline. 


Lcukocije Response. The white blood cell counts recorded on tin- 
dav of admission to the hospital are shown in Table 4. During the 
early part of their illness, most of the patients had a white blood anint 
within or near the normal range. During or soon after the period of 
Ivsis, 11 of tlie most severely ill patients developed a leukocytosi.s 
ranging from 12,000 to 20,000 cells per c.mm., and in more recent casts 
counts as high as 25,000 have been recorded at this stage of the disease. 


* The coroplcrocnt-fixntion tests with RWfiMm burneii w«e perform^ hy D.*. Id.' -A. 

Bena^ on S^^iorBctcterioioci-t. and rc:y,rted throurf. Dr- Cliarles .ArmMronc of 

the Divbion of Infectious Diseases. Nation.aI Inst.tuteof Ucahl.. Befh^d... .Md. 
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In the majority of instances, a slight neutrophilia and shift to the left 
were noted whenever there was an appreciable leukocjdosis. Monocy- 
tosis of 10 to 25% was recorded in 11 cases on admission and another 
patient had 25% monoc}i;es in her blood smear during the early phase 
of convalescence. At various stages of the disease, an eosinophilia of 5 
to 11 % was noted in 8 cases. These differential white blood cell counts 
were made by a number of persons and only 100 cells were counted in 
each smear. The errors, both technical and unavoidable' in such 
counts are acknowledged. 

Table 4.— Total White, Blood Cell Counts in 40 Cases of Pbimary Atypical 
Pneumonia on Day' of Admission to the Hospital 


No, patients 

White blood cells per c.mm. in given range 

3.000- 6,000 6 

6.000- 9,000 18 

9.000- 12,000 11 

12,000-15,000 5 


Therapy. Treatment in all cases w'as largely sj^mptpmatic. Sulf- 
adiazine was given to 16 patients at various stages of the disease but 
did not appear to alter the course of the illness. 

Eight patients w’^ere given plasma (100 to 300 cc.) or whole blood 
(300 to 900 cc.) withdrawm from persons during the first 2 to 4 weeks 
of their convalescence from the same type of illness. Since September 
30, 4 more patients have been similarly treated. It is obviously 
impossible to evaluate the results of such treatment in this small group. 
It appeared, however, that no specific effect could be demonstrated. 

Oxygen ivas administered to 8 patients by tent or mask for varying 
periods of time with considerable relief of cyanosis and dyspnea. Most 
of the seriously ill patients were provided with special nursing care 
which proved very helpful during the height of their illness. Adrenalin 
was necessary in the few severe cases of asthma which did not respond 
to ephedrine. As mentioned previously, steam inhalations and cough, 
mixtures were for the most part ineffective, but when sputum produc- 
tion became abundant, postural drainage appeared to be beneficial in 
some instances. It was felt that a high vitamin, high caloric diet 
shortened convalescence. This was given as soon as tolerated because 
considerable weight was lost by most of the patients. Fluids were 
forced to 3500 ml. per diem, and in some cases 4 to S gm. of c.xtra salt 
Were added to the diet each day. 

Tabi^k 5.— Duration ok Hospital Stay in 40 Cases of Primary 
Atypical Pnecmoma 

No. pnticni.H 

Days hospitnliratioii io given period 

5 or less 2 

6 to 10 11 

11 to 15 13 

IC to 34 14 

T'onrak.'tccncc. An indication of the duration of illness is given by a 
tabulation of the length of hospital stay. 
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The days from work lost by 39 patients* with pneumonia totaled 
approximately 1000. (These included the days lost prior to admission 
to the hospital.) The average interval from admission to the date of 
return to work was 23 daj’s. The period of convalescence averaged 
17 days as measured from the termination of fever to the resumption 
of active duties. It should be pointed out, however, that some of the 
patients had a very mild attack of the disease, and that some of the 
most se^'erely ill patients started back to work on a part-time basis. 
A better concept of extent of con^’alescence can be obtained from 
Table 6. 


Table 6. Duration of Contalescexce in 39 C.ASEst or Primary Atypical 

Pneu^ioxia 


I>engtli of convalescence 

10 days or less 

11 to 15 da3"s . 

16 to 20 days 
21 to 41 days . 


No. patients! 
in given periotl 

4 
IS 

5 
9 


During coni’^alescence, 12 persons suffered varying degrees of mental 
depression lasting from 3 to 21 days, or an average of 12 days. Through- 
out the early part of convalescence, all but 2 of the 40 patients com- 
plained of marked asthenia and easy fatigability ivliicli was consideretl 
more severe than tliat ordinarily noted after pneumococcal pneumonia. 
Only 2 patients had what might be considered relapses during late 
convalescence. 

Epidemiology4 Every medical student was interviewed and careful 
histories of respiratory illness were obtained for the 8-wcck period 
ending August 20, This brought to light a few cases of pneumonia 
that might otherwise have been missed because they had not l)Con 
hospitalized. In addition a survey was made of the non-student house- 
hold contacts of students who lived in their own homes or with private 
families.! Throughout the epidemic and for several months thereafter, 
all cases admitted to the hospital, both from the institutional personnel 
and from the outside community, were tabulated according to date of 
onset and date of hospitalization respectively. The first and most 
important fact disclosed by these investigations was that many of tlw 
cases in the student body were probably infected tlirough contact with 
a laboratory instructor in Anatomy and Histology. lie became ill 
July IS, but at that time the medical staff was not alert to the possiiul- 
ity of atiTiical pneumonia occurring in the scliool, and this case was 
missed- As lie was permitted for 10 days to continue his work wliilc 


♦ One patient whli rheumatic lienrt disease is excluded from tahubtfon he 

ixas advised to leave medicnl school for the remninder of the nrademir yenr. 

t One patient with rheumatic heart dben^e b cxcludc<l from l!ii^ tnimbtron U-ciu**- 
he was advbed to leave medical scliool for the remainder of the amdemie y<^r- 

* Seven cn 5 cs occurred among staff and ^t^K^ent.s who were not to^ L** 

hotnital and thus wore not included in the de-eription of rlinimi featurr*. The 

and ctaiwl pioture in thco wa. M.ch as <o leave little M they 

from the same illness and they, therefore, are mrhide<l in th^ epidz-miofogJ'* 
cases which were hospitalised after Scpteml^r 30 aI.o are 

§ Since there are no dormitones or fraternity hou.^-es. all .•tUL^'nt. lu e in r . . 
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ill with a severe cough, all members of the first-year class were thus 
subjected to intimate and prolonged exposure. Under these conditions 
the disease seems to be highly communicable. 

Chronologic Distribution of Cases. A comparison of the chronologic 
distribution of cases among 1238 members of the institutional personnel 
with that among other persons in the community is shown in Figure 1. 
Of the 34 cases occurring in the student body during the last 6 months 
of 1942, 28 had the onset of their illness during the first 3 weeks of 
August, and of these 28 persons, 16 were members of the first-year class. 
Since the incubation period of this disease is estimated to be from 
10 to 25 days by most observers, it is possible that many of the students 
who became ill during August contracted their infection from the 

CASES AMONG PERSONS OTHER THAN INSTITUTIONAL 



Fig. 1. — Clironologic distribution of cases of primary’ at>’pical pneumonia. 


laboratory instructor whose illness began July IS. The fact that this 
instructor’s most intimate contacts were with the first-year class lends 
further support to this possibility. It can also be seen from Figure 1 
that relatively few cases among institutional members occurred after 
the month of August, although admissions from the community at 
large provided a rather constant source of exposure for resident and 
nursing staffs and upper-class students. 

Du'tributiom of Cases in Snbdirisions of In.'^'tiiuiionol Personnel. In 
fable 7 is shown the incidence of pneumonia in various subdivisions of 
the hospital and medical school personnel. The absence of cases 
among employees and non-resident nurses may be more apparent than 
real since these groups are not servc<l by the hospital me<lical service. 
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and these cases, therefore, might not be reported. If these groups arc 
excluded from consideration, the incidence in students, resident nurses 
and staff and full-time teachers was 8.45 %. 

The outbreak rapidly assumed striking proportions chiefly in the 
first-year class where the total incidence was 18 cases or 26.9%. As 
related above, 16 of these 18 cases developed during the first 3 weeks 
in August (in fact, from August 7 to 18) and seem to have been caused 
for the most part by the laboratorj" instructor. Among tlie resident 
and nursing staffs and the upper-class students working with hospital 
patients, the incidence was much lower, as noted in Table 7, and there 
was a distinct tendency for cases to occur in those who cared for 
patients with at^Tpical pneumonia. 


Table 7. — Incidence of Primary Atypical Pneumonia in Various Groups 


July 7, 

1942'Januarv 2, 

1943 


Group 

Total 

No. cases 


First-year students 

07 

IS 

20 9 

Second-year students . 

03 

7 

11.1 

Third-year students 

. - . GO 

G 

JO 0 

Fourth-year students 

55 

3 

5 5 

Resident staff . 

... 05 

10 

15 4 

Resident nurses 

. . . 185 

5 

2 7 

Full-time teachers 

. , . 132 

4 

3 0 

Non-resident nurses 

. . 155 

0 


Employees .... 

. 456 

0 


Totals 

. . . 1238 

53 

4 27 


Coniagiousness of ihe Disease. As mentioned pre\'iousb\’, a survey 
was made of the non-student household contacts of students in an 
effort to evaluate the communicability of cases and the possibility that 
other respiratory illnesses might be subclinical cases capalile of tran.s- 
raitting the disease. The results shown in Table 8 are for 402 .such 
contacts inter\’iewcd in the period September 6 to 9, about 3 weeks 
after the occurrence of the majorit}' of cases in the student body. The 
respiratory infections are divided into pneumonia, simple upper respir- 
atory infections (URI) and respiratory illnesses with constitutional 
symptoms (suspicious). 

Of these 402 contacts none developed pneumonia, even thougli 46 
had been living in the same house with pneumonia patients. Of the 
45 contacts of students who had illnesses regarded as suggestive of 
atj-pical pneumonia, only a single suspicious case was uncovered. In 
the group of 200 contacts of students who had not been ill, another 
suspicious case was found. Tlie only statLstically significant increase in 
incidence of disease (15% of 111 contacts) consisted of .simple upper 
respiratory infections in the group c.xposed to such infections, 'i in.'- 
suggests that under the conditions of contact described, the agent of 
at\'pical pneumonia is not highly c-ommunicable, nor is there an 
increased frequency of apparently relatcil (suspicious) infections. 

Means of Spread of ihe Disea.tc. Dingle rt ai* have suggested that 
inapparent cases act as a reservoir for the spread of the infeetmti. 
Accordinglv, an attempt was made to determine whether ttuy-hi'-' 
of spread of the agent of at>pical pneumonia in this outhrcai. 


means 
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Was through clinically recognizable cases, or through subclinical cases 
and carriers. It is apparent that a majority, and possibly all of the 
cases in the first-year class, could be fairly attributed to the instructor 
as previously explained. It has also been stated above that among the 
resident and nursing staffs and upper-class students the majority of 
cases occurred in those who cared for patients with atypical pneu- 
monia. However, the whole picture was overlaid and confused by the 
many opportunities for casual contact and bj^ the fact that early in the 
outbreak cases were not recognized and isolated promptly. Although 
carriers and subclinical cases may occur, it can be stated that it is not 
necessary to postulate their existence to explain the spread of the 
disease in this outbreak. 

Tables. — Development op Respiratory Illness Among Non-student Household 
Contacts of Students Within a Subsequent Period of 3 or More Weeks 

Non-student household contacts of given groups of students 

Upper resp, infec. Suspicious Pneumonia 

Status of student No. contacts ^ < 


inember 

interviewed 

No. cases 

% 

No. cases 

% 

No. cases 

Not ill . . . 

. 200 

16 

8.0 

1 

0 5 

0 

Upper resp. infec. 

. Ill 

17 

15.3 

0 


0 

Suspicious . 

. 45 

3 

6.7 

1 

2.2 

0 

Pneumonia . 

. 4G 

1 

2.3 

0 


0 

Totals 

. 402 

37 

9.2 

2 

0.5 

0 


Control Measures. When 18 students had become ill with atypical 
pneumonia by August 13, measures were instituted immediately to 
prevent exposure and to secure prompt detection and isolation of 
cases. It was decided to discontinue classes for the first- and second- 
year groups and all formal instruction for the third- and fourth-year 
students. Classes were resumed August 22. For a period of 6 weeks 
thereafter, each student was required to record his temperature at 
8:30 A.iu. and 4 p.:m. and to report daily for nose and throat inspection. 
Opportunities for intimate exposure among members of the first-year 
class were reduced by doubling the number of laboratory sessions and 
increasing laboratory space to provide adequate separation of students. 

Tliroughout the institution it was repeatedly urged that all illnesses 
be reported promptly to the medical service. Persons with respiratory 
illness and fever or constitutional symptoms were isolated until chest 
roentgenographs and their subsequent course indicated that they did 
not have pneumonia. In selecting members of the personnel for 
isolation, much greater significance was attached to sore throat and 
aching than to coryza, as explained previously. These measures were 
considered to be successful for the only cases that oeenrred thereafter 
Were among those who came in close contact witli hospital patients 
suffering from this disease. 

Discussion. The observations ])resented in this paper make it 
•apparent that the outbreak described was one of j)rim:!ry atypical 
pneumonia in a relatively closed group. But even thougli the disca.'^e 
''■as observed under optimal conditions, certain diagnostic dinieuities 
•and other clinical problems arose wiiich deserve further comment. 

Tou 200 ♦ NO. G— orcr.Mitirn. 19-13 2? 
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Diagnostic Difficulties. On the basis of the observations clcscrihccl 
here and^ elsewhere3^*^-»''i2.i3.34 is apparent that primary atypical 
pneumonia is a clinical entity. Wortliy of empliasis, particularly in 
interepidemic periods, diagnosis is difficult clinically and, therefore, 
careful bacteriologic studies are needed so as to exclude such diseases 
as tuberculosis, brucellosis, tularemia, typhoid and paratyj)l)oid fevers, 
sepsis, and atj'pical pneumococcal pneumonia. Because atypical pneu- 
monia is very readily confused with tuberculosis clinically and roent- 
genographically, it is essential to search for tubercle bacilli routinely 
in all cases. 

In recent years physicians have acknowledged the importance of 
routine blood cultures in cases of pneumococcal pneumonia as a guide 
in diagnosis, treatment and prognosis. Of equal importance ])erliaps 
is the need for routine blood cultures in all suspected cases of atypical 
pneumonia, for the diagnosis can never he made with any degree of 
certainty in tlie absence of a negative blood culture. 

Dingle ct al^ have reported negative results with shecp-cell agglutin- 
ation tests in sera from patients with atypical pneumonia. However, 
as previously stated in this paper, 5 of 11 patients, whose admission 
sera were negative, developed sheep-cell agglutinins during convales- 
cence. It is necessary, therefore, that additional shecp-cell agglutina- 
tion tests, including agglutinin absorption studies, be done with senun 
from patients witli tins disease. 

Another point worthy of investigation because of its unknown signifi- 
cance is the development of ‘*coId” agglutinins in persons suffering 
from primary atypical pneumonia. Since Peterson, Ilam and lunland'^ 
have found tliat '"coW agglutinins are present in the sera of the great 
majority of patients at or near the end of the febrile periorl, and since 
tr\T5anosomiasis is the only other infectious disease in whicli these 
agglutinins develop rcgularb^ it is suggested by them that their pres- 
ence may serve as a diagnostic criterion. 

Even if the etiologic agent of at\'])ical pneumonia could be isolated 
with relative ease, virus studies are of limited value ns a diagnostic 
measure in the ordinary hospital Iaf)oratory. The difficulties en- 
countered in tlie isolation of an etiologic agent from patients with thi" 
disease arc better understood in the light of tlie recent report i>y 
Horsfall and his co-workers* wliicli indicates that at least some of tlic 
cases have been caused l)y a virus that is cither idcntiail witli or closely 
related to the mongoose infections virus isolated by W cir and Iforsfal/^' 

in 16.36. ..11 

The literature contains niunerous references to the clinical and patho- 
logic similarity of atypical pneumonia and psittacosis (also ornitlious). 

Iii an attempt to bring out some of tlie important difrerentiuf charactiT- 
isties, the outstanding clinicJil features of pneumor*omd, atypk^il and 
influenzal pneumonias and psittacosis have been tabulated (laldc .q. 
Perusal of this table and that presente<I by (ioodrieh and Bradu^rd 
indicates that atypic-al pneumonia and p-iita(^)M< o<rupy a 
or less intermediate position betwi^fm imemnococcai and mfhienAU 

pneumonias. 
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Table 9. — Differential Du gnosis of 4 Types of Pneumonia* 



Pneumococcal 

At5^pical Psittacotic Influenzal 

Onset . 

. Abrupt 

Insidious 

Abrupt 

—♦Same 

Cough . 

. Loose 

Dry and disturbing 

--*Same 

Loose 

Chills , . 

1 or 2 

Chilliness or repeated 




chills 

~^Same 

—♦Same 

Pain 

. Pleural 

Head and tracheal 

—♦Same 

Bone, muscle 

Fever . 

. Sustained 

Hectic 

Sustained Remittent 

Pulse . 

. Rapid 

Relatively slow 

— >Same 

— »Sarae 

Respirations 

. Rapid 

Only slightly increased — >Same 

— *Samc 

W.B.C. count 

. High 

Normal in early stages 

— >Same 

Low 

Sputum 

. Rusty 

Scanty and tenacious 

— >Same 

Bloody 

Convalescence 

, Short 

Prolonged with asthenia • 




and depression 

— ^Same 

—♦Same 


* Many important qualifying phrases have been omitted for the sake of brevity. 

Interpretation of Leukocyte Response. As previously mentioned, 
white blood counts ranging from 12,000 to 20,000 cells per c.mm. were 
recorded during or soon after the period of lysis in 11 severely ill 
patients. Although a similar degree of delayed leukoc\'tosis has been 
noted by others,® this feature of the disease has never been 
emphasized. Its proper interpretation is obviously a matter of con- 
siderable importance because one is tempted to assume that it is an 
indication of secondary bacterial invasion and to institute sulfonamide 
therapy on the basis of this assumption. Howe\mr, most obserx’crs 
agree that complications are rare and it has actually been suggested® 
that this disease increases host resistance to bacterial infection. On 
the other hand, Rhoads^'* is of the opinion that bacterial complications 
are more frequent and important than previously realized and that the 
routine use of sulfonamide is probably justified. 

In only 4 of the 40 patients under consideration was there any 
suggestion of bacterial infection to account for the delayed leukocytosis. 
One had acute otitis media which cleared without mjTingotomy, and 
as previously mentioned, 3 patients had appreciable numbers of 
colonies of beta-hemoljAic streptococci in their throat cultures. In 
addition, a number of patients developed laryngitis at about the time 
of the maximal Ieukoc;\i;e response, but laryngeal cultures were not 
taken. The few colonies of staphylococci and higher type pneumococci 
isolated by culturing the flora of the throat and sputum during the 
period of ]eukoc;\i;osis can probably be regarded as insignificant accord- 
ing to the criteria presented by Finland.® i\Ioreo\'er, it was observed 
tliat most of the patients appeared to be over the critical phase of the 
illness at the time when leukoertosis developed and that sulfadiazine 
scorned to exert no specific effect at this stage. It is our opinion that 
the delayed increase in the number of white blood c‘ells does not indi- 
cate, in most itistances, the presence of bacterial com])lieations aiu! 
mat it, therefore, might be considered a response to the primary 
infection, or in other words a part of the natural course of the disease, 
^tcpljensn’ has shown that a marked stimulation of the myeloid bone 
marrow elements occurs during resolution of pncmnococcai jmemnonia 
and he has suggested that this might be due to liberation of nucleo- 
protcins. Perhaps tJie resolution of atypic:il pneumonia has a similar 
effect upon the marrow. 
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As the significance of the delayed leukocytosis in this disease lias not 
been explained by any of the studies reported to date, it is suggested 
that repeated cultures be taken of all possible foci of infection and that 
repeated Schilling differential counts and blood uric acid determina- 
tions be made in an attempt to clarify this problem. 

Sulfonamide Theraj:^!/. During tlie outbreak described sulfadiazine 
was given to 16 of the 40 patients in adequate, controlled dosages, but 
did not appear to alter the course of their illness. Although this has 
been the experience of many others, there remains some difference of 
opinion regarding future policy with reference to sulfonamide therapy 
in this disease. Granted that chemotherapy is ineflective against the 
primary (probably virus) infection, one is still faced with two further 
considerations: 

1. When fhc paiient is firsi seen, the diagnosis can almost never he 
made with certainty. For this reason there is a definite obligation to 
administer sulfonamide to severely ill patients while awaiting the out- 
come of bacteriologic studies. If these studies are not indicative of 
bacterial pneumonia, sepsis or otlier infection known to respond to 
chemotherapy and the patient’s course and Roentgen rays point to 
atypical pneumonia, it is desirable to discontinue the drug promptly. 
This suggestion conforms witli tliat of Janeway^ who has emphasized 
that in the treatment of most acute infections it is best to give full 
doses of sulfonamide from the start and to discontinue them abruptly 
within 3 days if no response can be achieved, or if a diagnosis of sulf- 
onamide-resistant disease (sucli as typhoid fever or atypical pneumonia) 
can be established. When one first secs a less severely ill patient witfi 
probable ^^atypical'" pneumonia, there appears to be considerable 
justification for witiiholding chemotherapy. In this situation, as in 
many others, the physician must weigh the probable efFcctivencss of 
the drug on the one band and the possible toxic reactions on the other. 

2. Later in {he course of fhc illness tlic question of sulfonamide tlicrapy 
again presents itself if tlic patient has (a) delayed leukocytosis as pre- 
viously discussed; (b) secondary rise in tcinpcratiire with or without 
other clinical suggestion of relapse; or (r) frank, clinical relapse. I ndcr 
any circumstances, tlie decision regarding chemothcraj>\' depends upon 
the results of complete bacteriologic studies and upon tfie judgment 
and pre\'ioiLs experience of the attending ph\’sician. In our expenenee 
administration of sulfonamide late in the ctnirse of the illness is seldom 
justified. 

'^hnmuyic ' Transfusions^ As previously described, 12 patients v.ere 
given transfusions of plasma or wliole blood from ainvalescent donor- 
without any definite response. A number of other oliservers have 
reported similar cxjicricnce with 1 or 2 patients each. As a rc'Ult o* 
these cornbincfl observations it appears that such transfusions fjwuot 
be expected to have any sj)ecific ctFcct on the wun-c of the 
If transfusions are indicater! as a genera! siq)portive rncasure, 
seem more judicious to exempt a recxait patient who is in the win-t o, a 
long convalescence and to draw the blood from a fiealthy donor. 
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Conclusions. 1. Primarj’’ atypical pneumonia is a disease difficult to 
diagnose on clinical and epidemiologic grounds and therefore a “missed 
case” may be of great importance in its spread. 

2. Infection usually produces a characteristic clinical picture, but 
this can easily be confused with a number of other diseases. A positive 
diagnosis is finally established only when Roentgen ray examination 
of the chest reveals typical findings, bacteriologic studies are negati^'c, 
and the subsequent course of the illness is consistent. 

3. Under ordinary conditions of exposure, primary atypical pneu- 
monia is not highly communicable in comparison with the common cold 
or influenza. If subclinical cases or health}’’ carriers occur they are 
probably of minor importance in transmission of the infection. 

4. Treatment of primary atypical pneumonia is symptomatic onl}'. 
Sulfonamide therapy is ineffective against the primary (probabh" virus) 
infection, but because of diagnostic difficulties, its temporary use in 
full doses is obligatory in seriously ill patients until bacterial pneu- 
monia, sepsis and other infections responding to chemotherapy can be 
excluded. The use of sulfonamide therapy later in the disease depends 
upon the nature of complications, which fortunately are rare, and is 
influenced by the interpretation placed upon the rising leukoc^Ue 
count— -a feature of this disease which has often been observed but to 
date has been inadequately studied. Transfusions of whole blood or 
plasma from convalescent donors appear to have no specific effect. 

It is a pleasure to thank Drs. Paul A. Lembcke, District Health Officer and B. F. 
Mattison, Assistant District Health Officer, of the State of New" York Department of 
Health, for the collection and analysis of epidemiologic data, and Drs* Jerome T. S^w'er- 
ton, Lawrence A. Kohn and Sidney Larson for assistance during the preparation of this 
report. 
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GASTRIC DIGESTIVE SECRETIONS IN INFANCY AND 
CHILDHOOD: A REVIEW 

By Irving J. Wolman, M.D. 

In adult medicine, gastric analysis is falling into neglect. The great 
range of normal variations from day to day and from su])jcct to subje(*t. 
as well as the inconstancy of the secretory patterns in ill-health, frustrates 
the diagnostic application of the procedure in all diseases except n few 
varieties such as pernicious anemia and roentgcnologically confusing stom- 
ach ulcers.^^ Pediatrics has sensed this difficulty, and of late years has 
directed most of its interest in digestion toward the more fruitful problems 
of absorption, metabolism and nutrition. Tlie most frequent cause for 
aspirating children’s gastric contents at present is the search for tubercle 
bacilli. Nevertheless, research in stomach physiology is going on jkt- 
sistently, and fresh studies on gastric function during cliildhood are nm- 
stantly being reported. 

No broad survey of the secretory responses of the child s stomach ha^ 
been published since the somewliat limited discussion in Freudenhergy* 
classic monograph on Verdauung im Sauglingsalter, which appearKl tn 
1029. Stewarri^ prepared a list of most of the re])orts on gastric aeulity 
in health and in anemia published between 1020 and 103-1. The prc>cui 
Heview is not a comprehensive inventory of all prior articles, liut rather a 
bird’s eye summary of current beliefs and problems. 

Rennin. Xnfurc. Gastric juice of vertelwates. from fish ui>ward. will 
coagulate cow’s milk.'°^’ AVith nearly ;jll species the clotting is effectf'd 
by the pepsin or other proteases pr(*sent, for most proteoclnstic enryme- 
can cause milk to clot.''® However, in the case of ilie calf and tin* kid 
but in no other species nor in the adtiU cow or mature goat — the stormu-h 
elaborates an arhlitional powerful milk-elotting err/yme known renriin/' 
Coagulation in these young animals is useful in imfK‘ding the other\M*<' 
quick p.assagc of liquid milk into the intf‘>tine, in order to lioW if m 
contact with the gastric juic(*s for a long time. 

Cnidc extracts of calf stomach wall rich in rennin are rditainahh* corn- 
merciallv as liquid rennet, rennet |M-)wder anri rennet talder-., Ilie dnir;. 
industry- requires large quantities of liqtiid rennet to mix with fre--h nnlK 
in the first stare of manufaetiire of Mindn.' elipf-i-. anU 
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of the small amount of crystalline matter available for study. The results 
of further studies on the exact chemical nature of these crystals are awaited 
with interest. 

It is interesting that rennin as Tsdthdrawn from the fourth stomach of 
the calf erists partly in the inactive precursor pro-rennin phase and partly 
in the activated form as a consequence of contact with the acid component 
of the secretion, A slightly acid reaction converts pro-rennin to rennin, 
the optimum circumstance for this process being pH 5.25. 

Mccmircmcnf of Acihity, Rennin strength is measured and expressed in 
terms of milk-clotting power. For instance, 1 part of Luers and Baders 
refined dry substance coagulated 16,440,000 parts of reconstituted milk 
substrate. Man}' variations in the technique of performance of this test 
liave been proposed. In Tauber’s^^^ experience, best results are obtained 
when an equal volume of molar acetate buffer of pH 5 is added to the 
milk substrate, tlius correcting for variations in pH intrinsic to different 
batches of cow’s milk. Tauber sets up a series of test tubes containing 
10 cc. of buffered milk at room temperature and varying amounts of the 
enzyme solution to be tested. The amount of enzyme whicli causes a clot 
in 10 minutes is taken as the measure of the potency of the specimen. 
However, as Hankinson and Palmer^ point out, the relative milk coagulat- 
ing activity of rennins obtained at different times by different investigators 
cannot be compared in exact quantitative terms. Not only do substrates 
vary but precise optimum conditions are usually not determined with 
respect to either the specimens of milk used or tlie relationships between 
Ca ions and pH, factors which affect the rapidity of coagulation and its 
completeness. Attempted comparisons are complicated further hy tite 
presence of contaminating pepsin, for wliich optimal conditions differ also. 

Ahsaicc From Ihnnan Stomach. Tlic erroneous concept is widely Iield 
among physicians and implicitly subscribed to in many textbooks that 
the milk-clotting action of Innnan gastric juice is a function of contained 
rennin. As a matter of fact, however, that human gastric glands are able 
to elaborate true rennin lias never been demonstrated. Gastric jiep'^in. 
and not a second ferment rennin, seems to be the agent rcsjionsible for the 
coagulation of ingested milk. Pepsin coagulates milk in tlic same manner 
as docs rennin. Pepsin gives rise to clots and curds which cannot he 
distinguished 1\v size and consistency from those produced by rennin,*^' m 
the pH range in wliich the latter is active. 

The endence wliich indicates that the luunan stomach does not secrete 


true rennin mav be summarized as follows; 

(<^) Numerical expressions for proteolysis anrl coagulating strength of 
human gastric juice bear a reasonably constant ratio or quotient to each 
other.^*^^ This ratio is the same for different individuals as well ns for 
infants, children and adults.** Chemical manipulations or heat, when 
applied as to partially destroy or inhibit enzyme activity, interfere-^ with 
both enzymatic manifestations to a parallel degree; the pep-'in renruu 
ratio does not alter as it should if two separate enzymes were in tie- 

specimen, one a little more sensitive to dc-stnictive infiiienee.- than tie- 
other.^*^ It is jK»'ible, on the other hand, with e.xtracfs from tie- fourth 
stomach of the calf, to separate a f-oagulating fraction from a dip'-tivr 
fraction by prwapitation wiifi magneM'um (-Jirlv^inale. Thi- argues h>r f/e' 
separate existence of Innh jiepsin and rennin in the ^ 

(5) \Vhen solutions of jH'p-in ami rennin are togrtle-r m 

laboratorv, it is po^dlilc to alter the iKKency relatfon^np existing h-twrj-n 
the coapilnting and the jiroteolytic activitU'S by fuborption uj/iu 
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suspensions of casein.^ AVith human gastric juice, dissociation cannot he 
effected by this maneuver. 

(c) Pepsin will digest and destroy rennin when added to rennin in the 
presence of acid. Dotti and Kleiner^® applied this principle to a study of 
adult human gastric juice, observing that no reductions in milk-clotting 
potency developed when gastric juice was acidified and incubated at 38° C. 
for 48 hours. They reasoned that if rennin were present in addition to 
pepsin the total clotting power would have diminished as a consequence 
of destruction of the rennin hy the pepsin. This conclusion may be 
criticised on the ground that the coagulating power of pepsin is increased 
many times faster by increase in acidity than is that of rennin. Therefore 
it is conceivable that with a mixture of rennin and pepsin in an acid medium 
any tendency to decrease in clotting power due to digestion of rennin Ijj’ 
pepsin might be counterbalanced by the increase in coagulating power of 
the pepsin due to the increase in the acidity. 

(d) Differences in chemical behavior distinguish the two enzymes. Tlie 
effect of rennin ceases with coagulation of milk, but pepsin continues 
tlie hydrolysis far beyond the paracasein stage. Rennin can withstand 
exposure to pH 9 for a short time whereas weakly alkaline solutions 
inactivate pepsin very quickl3^ Contrariwise, strong acids will inacti- 
vate rennin but not pepsin. The hydrogen ion concentrations for opti- 
mum activity are widely separated, that for rennin being pH 5.35,®* for 
pepsin about pH 1.8.^®^“ 

(c) The preliminary studies of Hanldnson®® on his new crystals indicate, 
if substantiated, that purified rennin possesses quite a different molecular 
structure from that of Northrop’s'®^-^ crystal pepsin. 

Pepsin. Crystalline Pepsin and Its Properties. Schwann as early as 
1836 had found and named the proteolytic factor in gastric juice, but it 
was not until nearly a century later, in 1930, that Northrop'®'^ ''-'' isolated 
animal pepsin in crystalline form. Crude extracts of secretory mucosa 
contain not only true pepsin but also other proteinases among which 
Briicke pepsin, gelatinase and cathepsin have been isolated and identified 
{vide infra). Hexahedral crystals of pepsin in apparently pure form can 
be prepared from extracts of svnne and of bovine mucosa. Crystalline 
pepsin has a high content of tyrosine, dicarboxylic acids and tryptophane, 
and is destroyed rapidly by dilute alkali. The isoelectric point as meas- 
ured by cataphoresis lies close to pH 2.7, but in solution this value is 
even more acid than pH 1. The optimum pH for the proteolytic activity 
of pepsin is about 1,8 when casein is the substrate; about 2.2 when gelatin 
or hemoglobin is 11563.'®"° The molecular weight lies between 25.000 
and 40,000. Peptic activity decreases rapidly as the pH number rises 
from 2 to 7, becoming very weak at pH 4 and completely inhibited by 
pH Neither in morphology nor in rates of digestion of different 

substrates nor by precipitin tests are the crystals from swine fiistinguish- 
able from those from bovine juice. The solubilities however arc inde- 
pendent and different as are their responses to sitecific inhibitory sub- 
•stanees, suggesting that pepsins vary slightly in structure from species to 
species as do the liemoglobins. Human pepsin has not been isolated in 
the crystalline state. 

Fruton and Bergmann.'*' studying hydrolysis of .syntlietic peptidtrs In- 
different pepsins, found tliat the splitting occurs exclusively at the peptide 
linkages which involve the amino group of the aromatic amino aci<i^. 
1 hey noted many deviations from the generally accepted optimum of pH 2 
for pepsin action on proteins, and concluded that iliis observed optimum 
represent.s the average of the optima for the various j^eptide link.age-=. 
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attacked by pepsin. Very recent studies-**^-^‘'^s that NortliropV 

crystalline preparations are intrinsically a mixture of several coni})onont 
forms of pepsin possessing differing cliemical properties. 

Physiology of Secretion. ^ Ever since Heidenhain's time, histologists have 
concluded that the proteinase or pepsin of gastric juice is elaborated by 
the zymogenic body chief cells of the fundus mucosa.®^'"®-®"-^^ The con- 
tent of zymogen or pepsinogen granules in the cells is highest when fasting, 
lowest just after a meal. Proteins are good stimulants of pepsin secretion 
in dogs, with formation proceeding at a constant rate for some hours. 
Experimental stimulation of the dog’s vagus nerve, which produces a great 
increase in the pepsin content of the secretion,^' results also in an extreme 
discharge of z^Tnogen granules. By contrast, injections of large doses of 
histamine into dogs with Pavlov pouches or gastric fistulas fail to excite 
the production of pepsin even though marked increase in acidity becomes 
evident.^ In man, interestingly, under the usual conditions of histamine 
stimulation an increased output of both acid and pcpsiid-'®^‘^^**^^’“^"^may he 
elicited though the correlation between these two factors is not signili- 
Bowie and Vineberg^^ have suggested that this discrepancy 
between the species is apparent rather tJian actual or of basic physiologic 
importance. The flow of stimulated juice may do no more than flush out 
secretory products already present within ducts and cells. ^ Tims there 
is no unequivocal proof that humoral stimulation in human I)cings plays 
an important role in the rate of pepsin production. 

Langley^ in 1SS2 had noted that a slightly alkaline extract of fresh 
gastric mucosa contained an inactive substance which was not changed hy 
alkali as is pepsin hut which became transformed into pepsin when the 
solution was acidified. This precursor, pro-pepsin or primmujrn, was 
crystallized finally hy Herriott^‘' in 193S, who isolated needle-shaped 
crystals of protein nature which on later acidification and rccrystulli/atiori 
yielded another form of crystal identical with Northroj) s commercial 
pepsin. Conversion of pepsinogen to pepsin within the stomach takes 
place as a spontaneous autocatalytic reaction, accclcratcfl hy pepsin itself. 
Immunologic studies'^" of crystalline pepsin and pepsinogen siiow them to 
he immunologieally distinct from each other and their houiologiies of 
other species, though some cross-reactions do take place. 

Xorthrop’s studies have shown that the relative rates wit li which crystal- 
line pepsin hydrolyzes various proteins in acid media do not differ sit:- 
nificantly from the rates exhibited by crude gastric juice, 'J'liis is taken 


to mean that the essential proteolytic factor in gastric juice is pep^m. 
The observations of Frcudcnbcrg and Buchs^’ on cathep^in indicate thni 
proteolysis within the human stomach is somewhat more corrqdcx. 

Mfosnrrmnii of Acimhj. When a protein solution is acted tq)on hy 
an enzyme mixture a num]>er of separately distinguishalile chemical and 
pliysical changes can re.sult. Hence when tlctermining the enzync- 
potency of an impure preparation, if whether the catalyst present singe* 
or inuUiplc is not known, it is good if feasible to invotigatc more than 
one sincle property of the protein or to measure the activity hy niean' o, 
two or more substrates. In the cose of human gastric juirr. ^im** rh'* 
active protease has }>een belicvcfl to consist almost excIuMVidy rff 
alone, popular usage has considered as adetjuate for a^-ay of \ytiU ufy an^ 
one o( the changes this enzyme prodiicf^^. upon a single suf^tnitc, ^ ^ 

In actual clinical practice dozens of technique^ have emp.'OCf. 
for the quantitative ineastirement of fK'ptic strength of ga'ttrje jnirc, I 
classical Van nmino litmtion utilm-. the sp*nal 

nitrous acid to attack amino group-, liheratinr nitrogen vhn-a 
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caught and measured. Sorensen’s^®® formol titration rests upon the ten- 
dency of formaldehyde to destroy the alkaline effect of free amino radicle.s. 
When a protein disintegrates in the presence of formaldehyde, free car- 
boxyl groups which accumulate can Ije titrated against standard alkali. 
Measurement of the milk-clotting strength can be secured with a modified 
viscosimeter®® or by direct observation of the specimens.®-®® This principle 
is in wide use. Northrop'®^"^ determined the changes in viscosity of gelatin, 
casein and edestin colloidal solutions when exposed to pepsin and also 
ascertained the increase in formation of soluble nitrogen b}' the micro 
Kjeldahl apparatus. Manchester®^ took narrow strips of protein made 
from sheep gut sausage casings or of cooked egg albumen, suspended in 
pepsin-containing test solutions. A small metal clip was attached to the 
free end of each strip; the time of breaking was taken as the index of 
enzyme strength. Bloomfield and Polland”®® measured disintegration of 
edestin by gastric juice. Anson and Mirsky®®-® developed an excellent 
though difficult technique for estimation of proteinases, using hemoglobin. 
Pepsin will attach hemoglobin; the extent of hemoglobin digestion can then 
be determined by precipitation of the undigested material with trichloracetic 
acid, and measuring the concentration of soluble amino acids in the filtrate 
which give a blue color with phenol reagent.®® This method has been 
simplified by Beazell et al.^ for the less sensitive purposes of the physician’s 
laboratory. Gilman and Cowgilk® proposed the photometric determina- 
tion of the amount of silver liberated by the digestion of an exposed and 
developed photographic film; Osterberg, Vanzant and Ah-arez'®® found 
this method very satisfactory. Mett’s capillary tubes filled with coagu- 
lated egg albumen^®® have been given up by many workers* because of 
uncontrollable inaccuracies inherent in the procedure. There seems to be 
no need to go further in enumerating the a^\ailable procedures for estima- 
tion of pepsin in gastric juice, especially since such examinations have 
not proved of much value clinically. 

Since there is no rennin in human gastric juice and since coagulating of 
milk represents the initial stage in the proteolytic digestin of casein by 
pepsin, the concentration of pepsin may be ascertained by measuring the 
time required for any given solution to clot milk. The results are com- 
pared with control values secured by use of standard pepsin in known 
dilutions.?-'®^'®®-®® For the average physician’s office or clinical laboratory 
lacking special facilities and equipment such simple, rapid methods based 
upon milk-clotting power are reasonably accurate and eas\’ to work with. 

Olinical Obscrvaiiojis. Osterberg, Vanzant and Alvarez’®® dcscriijed the 
difficulties involved in utilizing pepsin measurement as a clinical tool. 
Pasting specimens were observed to vary widely, the fasting findings in 
24 normal males ranging from 5 to 1930 units (Gilman and Cowgill tcch- 
»ique). This extreme variability was ascribed in part to contaminating 
.secretions from saliva and duodenum. i\Iore consistent results were ob- 
tained following a Ewald type meal, the values ranging from 0 to units. 
Hepeated tests on the same individuals on successive days showe<l great 
lack of uniformity. The figures for males averaged higlier tlian for 
females. These authors concluded that no reading could be ternie<} 
abnormal unless it lay well beyond the range of normal values. 

Studies on adults (SI 13) have shown that pci)sin is frequently recover- 
able from patients with complete anacidity. Kvidently the s(-crction of 
gjistric enzymes may persist after acid secretion has stoppe<i. In caso of 
pernicious anemia, cancer of the stomach and severe gastritis, the pep-in 
otiljnit is diminished, often to extremely small amounts. 

Phe presence of a ferment capable of coagulating nnlk and attacking 
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egg white in the gastric juice of unfed infants but a few hours old has been 
detected by many workers.^-^-i^7.iM.i52 cnmne exists in the 

gastric s^ecretion of infants and children is plainly evident bv the curds 
present in regurgitated milk meals. Ogihde,'®^ one of the latest workers 
to study gastric pepsin, determined its content in health, anemia, rheu- 
matic fever, and celiac disease, using the IMett tube method. The figures 
obtained showed wide variations, but no instance of deficient pepsin was 
encountered. Steimann^^ encountered 1 case of absent pepsin in 100 chil- 
dren examined. Jacobsen,'^ Cbieritz^ and iNInhP^" have reported instances 
of full achylia ^ritli both pepsin and free acid absent. Subsequent exam- 
inations on these cases were not performed. 

For a summary of older observations on pepsin in health and disease, 
Freudenberg’s monograph*^' may be consulted. The He viewer has failed 
to uncover any large series of pepsin determinations on normal growing 
children, performed by modern reliable methods, to indicate that a differ- 
ential rate of secretion as related to age takes place with pepsin, similar 
to that for hydrochloric acid. 

All investigators who have studied gastric function in infants with 
test meals of milk have noted that cow's milk mixtures rarely attain a 
hydrogen ion concentration lower than pH 4, even after remaining in the 
stomach for 2 hours or longer. Breast milk, in contrast, because of its lower 
buffer capacity in conjunction with the abundant formation of fatty 
acids from tlie action of its own lipase, may attain a pH of 3 or lower. 
Since, as has been noted, pepsin does not exert any apprcciul)Ie proteolysis 
on casein until the pH has dropped below 4, and has maximal action at l.S, 
the conclusion seems inescapable tlmt during infancy pepsin contributes 
little to the breakdowTi of milk proteins, apart from causing coagulation to 
take place. With older children^^® in wliom the secretion of acid is more 
abundant, the pH of ingested milk \rili ultimately fall below 4, sometimes 
as low as 2, but only after a significant interval of time has gone by, 

Cathepsin, Properties, In 1940 Freudenberg and Buchs-®*^^*'*'^^ an- 
nounced that the proteolytic enzyme catlicpsin, which had been discovered 
in the intrinsic tissue of the stomach wall by Willstiitter and Bamann*‘'in 
1929, was present in quantity within the gastric secret ion. Catliepsin h 
an intracellular enzyme recoverable from nearly every body tissue, tliougli 
most abundant in leukocytes, lymphoid organs, kidneys and liver. ^ It 
acts best at pH 4 to and is inert at neutrality. Hence, within living 
cells this substance is probably inactive. After death, liowever, as the 
intracellular hydrogen ion concentration rises through anaiTobie produe- 
tion of carbonic, lactic and other acids, the proteolytic effect ujion the 
tissue proteins Iiecornes manifest as a major element in autob>is.*‘‘^'’ 
stiitter had believed that the catlicpsin recoverable from the stornarh 
lumen originated in leukocytes migrating from tlie iyinpli follicles of the 
mucosa. Freudenberg and Btichs on the other hand nuiintain that 
sin is a true secretion, pointing out that the rapid rate of its fonnafion and 
failure to rcfluce the t'oncent ration in fre^h juice by centrifuging off (hr 


leukocytes pennit of no otlier inien^retation. ^ r 1 1 r 

in fAidrir JinW, For years tlic v;orkers in the field o. 
infant feeding h:ul been .-uspieious of the j>re.-ence of a second prtftrolytie 
enzxTue in gastric juice. r)f>erntive at the i-o^dc^f'trie zone of the milk pro- 
Sr Ro/enbaum and .<piege].;=- Mathie.-n/'^^ Ik He-/- and Budde- 
had all incubated gu-tric juuv with milk uruhr conditiore: of lov.* Iiydro,.* .s 
ion Concentration and ob-crved a >ub-f<piMit inrn'a-** in ^otuLh' W.irn^n 
formation. This inerea-e nvM not b*- exphtn''^! in t,^nn * of 
since will) ir. riro .studies l>-pMn prov^-. ;K-tive ordy vitb stn^ng . 
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(pH 1 to 3). That cathepsin might explain this puzzling phenomenon had 
been mentioned by Freudenberg as early as 1929, but not until a decade 
later did he succeed in demonstrating its actual presence in quantity in 
the gastric juice. 

Freudenberg and Buchs^® studied the proteolytic power of many speci- 
mens of gastric contents, comparing digestive strength at pH 2 (optimum 
for pepsin) with that at pH 4.7 (optimum for cathepsin). With milk as a 
substrate, and increase in residual nitrogen in mg. per 100 cc. as the index 
of acti\nty, these data were obtained: 

Pepsin Cathepsin 

64 infants 46.5^3.26 27-4=i=2 07 

16 older children . . . 99.2=^8.90 7S. 1 — 6.67 

Similar data were secured with a half dozen adults. With several infants 
the cathepsin figures exceeded those of pepsin. In general cathepsin 
potency seemed to range between 50 and 100% of that of pepsin. It was 
noted that more marked digestion seemed to take place with juice from 
infants being raised on cow milk mixtures than from breast-fed infants. 

Differentiation From Pepsin. Cathepsin was found to be most active 
at 63° C., a temperature at which pepsin and most biologic ferments are 
partially destroyed. At this temperature (63° C.) its digestive potency 
exceeded that of pepsin at 45° C., which is optimal for the latter. Hydro- 
gen sulfide augmented cathepsin activity a little. Following the mixing 
of gastric juice with a number of different chemicals the toxic effects upon 
the cathepsin and pepsin components were in some instances parallel, in 
others divergent. Cathepsin attacked casein, lactalbumin and egg albu- 
men — true proteins — but had no influence on the several dipeptides tested. 
Early attempts to separate the gastric juice into two fractions, each con- 
taining one of the proteolytic enzymes, were not wholly satisfactor,^^ Best 
results were secured by adsorption upon cholesterol. Yery recently, 
however, Freudenberg^*'" did succeed, by selective precipitation procedures, 
m obtaining a pepsin-free solution of gastric cathepsin. The milk coagu- 
lating or rennin-like titer of gastric juice specimens was in no way propor- 
tional to cathepsin content. Cathepsin-containing extracts when acti- 
vated at 37° C. by hydrogen sulfide showed no parallel increase in clotting 
strength. Indeed, following warming to 60° C., the clotting power became 
markedly weakened in spite of the fact that the activity of the proteolytic 
factor was enh.anced by the procedure. Purified cathepsin-containing 
preparations exhibited almost no clotting power. From these findings the 
authors concluded that curdling of milk in the infant stomach is not accom- 
plished by the cathepsin present. It was their further belief, based on 
earlier determinations of gastric acidity during digestion, that much of 
the proteolysis which does take place in the infant’s stomach is effected by 
cathepsin and not by pepsin. 

These observations of Freudenberg and Bucks are new and of funda- 
mental importance if substantiated. One can expect a wave of new 
investigations e.xploring possible ajjplication of the cathepsin factor to the 
many diverse problems of gastro-cntcrology, especially in the pathogenesis 
of gastric ulcer. 

Minor Proteinases. Gclatiuasc. Mention should be made in passing to 
the recovery by Northrop*®*'" of a gclatinase or gelatin-liquefying enzyme 
from crude preparations of bovine pepsin. This when isolated as an 
amorphous powder proved to be al>out 400 times as active as crystalline 
pepsin in the liquefaction of gelatin. In contra.'-i its activity as nietisurtHl 
i>y the digestion of casein, edestin or egg albumen wa*; much less than 
that of crystalline itepsin. The presence of such a specific enzyme in 
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human juice, separate from the pepsin contained tlicrein, lias never htvu 
explored, probably because sufficiently large quantities of human sccretion> 
to yield ^veighable solid precipitates for the chemist to work with arc well- 
nigh impossible to obtain. 

^ Briiclcc-pcpsin, Kraut ancUTria®^ described the recovery from commer- 
cial pepsin, by an old method used by Briicke, of a protein-free preparation 
of non-crystallizable pepsin in addition to Northrop’s crystalline form of 
the enz:vTne. It has been pointed out^°'^ tliat gehitinasc and Bniekc-i)ej> 5 in 
together represent a relatively negligible part of the total proteolytic activ- 
ity of crude gastric juice. 

Amylase-accelerating Factor. Davison^-^ lias called attention to the 
amylase-accelerating action of gastric contents. The addition of infant 
gastric contents to fresh hog pancreas extracted in saline solution incrcastMl 
its starch-liquefying activity nearly eight-fold. 

Lipase. Propcriics. Not many facts are known about the gastric 
lipase. Its presence explains the distinctive odor of butyric acid recog- 
nizable M’lien vomiting follows milk or any meal containing butter fat. 
There is some uncertainty as to wlietlicr in Inimans it is secreted directly 
or enters the stomach by the route of duodenal regurgitation, hut Fremlcn- 
berg*- and others'^-^'*^ who have studied the subject consider that tlie 
gastric wall can and does produce a lipolytic enzyme of weak potency. 
Tlie optimum liydrogcn ion concentration for its activity is jiII * 1 - 0 . 
Unfed newborns have gastric lipase,^- and it appears to he constantly 
present through infancy and chiidiiood.^^*^ 

Breast Milk Lipase. Freudenberg*- carried out extensive studies on fat 
digestion witli special attention to breast milk fat. It aj)pears tlaat both 
breast milk and cow's milk contain a certain amount of natural lipa^e, 
which is thcrmolabilc. In the case of cow s milk this enzyme l)ccoine> 
destroyed during pasteurization or boiling. ^Yith breast milk, on the 
other hand, which ordinarily receives no heat treatment in advance of 
being fed, the containcrl lipase appears to play an important rok* in tin* 
digestive breakdown of fats, acting through several interesting 
isms. For one thing, the optimal hydrogen ion coric’cntration for bre.'i-f 
milk lipase lies between pH 7 andS; at pll G its performance is rednei*(l in 
onc-linif; at pH 5 to one-ten tli. Regurgitation studies show that with 
young infants receiving breast milk, which is normally slightly aikalitfe. 
the acidity of the gastric contents following nursing does not fall pH 
until 30 minutes, and pll 5.b is not attained until nearly 2 hours. 
conditions for lipolysis remain favorable long enough for an api)n*ei:il»lf' 
fraction of the i)Ultcr fat to break down. R’ith ohhT infants the more 


liberal secretion of liydroeliloric acid aiul the fatty acid formation laf 
together to produce conditions of high acidity in the stninaeJn 

lipokinase. lireast milk when left staruling at room temp*rature 
some hours dot^s not grow rancid, yet when mixed witli ga-^irit* juicr 
bet'omes rancid irnnuMliately. Freiidenberg^" extrar-ted a therniofafiih’ 
clvccrin-solnble lipasc-aciivaiing agent from the gastric wall of .'*one- 


splitting 


“pro-lipase .st.aie. 

Hydrochloric Acid. 
tlie parietal cclb tin* >onrc#’ of 
dcncc*^ that ct if' 
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secretion wells out of the gastric foveohe. Biochemical studies, however, 
indicate that the parietal secretion is formed directly as an isotonic solu- 
tion of pure hydrochloric acid, with perhaps a little potassium chloride 
mixed in. One must marvel at the ability of these single cells to alter the 
concentration of hydrogen ions more than a million times. The negative 
Cl~ ions which accompany the ions come from the neutral chlorides of 
the blood and lymph. This is shown by the lower concentration of chloride 
ions in the venous output from the stomach when secreting, as compared 
\yith the arterial supply tested simultaneously. The reactions which 
liberate the positive hydrogen ion are very obscure. iMan^' hypotheses 
have been proposed.-^ ®-®®'^’®^ Surface membrane phenomena undoubtedly 
plaj-- an important part. Davenport’’® has suggested that the production 
of carbonic acid from carbon dio.xide and water under the influence of 
carbonic anhydrase is a necessary intermediate step. Equally obscure is 
the mystery of the regulation of intensity of acidity within the gastric 
contents. Rosemann,^’^ Katsch et and other workers®^ had con- 
tended that the e.xtent to which the stomach converts plasma chlorides to 
hydrochloric acid depends upon the intensity of the secretory stimulation. 
However, the theory more widely held, first ad\"anced b;\' Pa\'lo\',”® is 
that the gastric hydrochloric acid is secreted from the mucosa glands at a 
high and more or less constant concentration under both normal and 
pathologic circumstances, regardless of the rate of secretion. Thus Hol- 
lander®®”'® calculated that the parietal secretion of dogs would consist 
essentially of free hydrochloric acid and water, in a concentration of 165 to 
170 mg. per liter, and demonstrated specimens from fundic pouches which 
were nearly of that strength. Graj*^® confirmed Hollander’s figures for 
chloride, but stated that the parietal secretion consists of 166 mg. per liter 
of Cl~ ion, 159 of H+ ion, and 7 of K"*" ion. TeorelP®’^ had interpreted the 
changes in acid buffer solutions introduced into cat stomachs as meaning 
that the “ primary secretion/^ expressed as liydrochloric acid, was a little 
less than 20S =*= 6 mg. per liter. The figure given by Hollander as repre- 
senting the approximate concentration of the original acid secretion 
becomes, when expressed in more familiar terms, 0.6% HCl, with a pH 
value of 0.87; 100 cc. will be neutralized by about 165 cc. of 0.1 X alkali 
(165 chemical “units” of acidity). 

Additi/^rccbfcing Mechanisms. Regardless of the precise strength of 
^‘primary” juice, all workers are agreed tliat secondary acidity-reducing 
mechanisms are constantly in action to bring down the acidit\' strength to 
the lower, less concentrated values existing within the normal stomach. A 
number of diverse neutralizing and diluting agents mix with the freshly 
secreted acid as soon as it reaches the mucosa surface, and perhaps within 
the orifices of the secretory ducts themselves. A multitude of investiga- 
tions have been directed towards tliese various neutralizing mechan- 
Hollander V’’'* review classifies them as follows: 

A. Variation in the volume rate of HCl poured into the stomach. 

/?. K.vtra gastric factors. 

1. Dilution and neutralization by sidiva. 

2. Dilution and neutralization by regurgitated duodenal flmd. 

3. Dilution by tlic test-meal itself (when use<i). 

0, Intragastric factors. 

1. Possible variations in the composition of the parietal its-Af. 

2. Reabsorption of HCl, already secreted, by th.c gastric muco-n. 

3. Dilution by the peptic secretion. 

4. Dilution and neutmIi.zation by a di.-^tinct dilution serretion. 

5. Dilution and neutmliration effects of nuictis from the sunr.rv 

epithelium. 
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The control, characteristics and indhndual importance of these factors 
are far froni constant, varying from person to person, and even in the 
same indiridual from moment to moment. Thus, tlie stomacli \v])cn fast- 
ing or after simple stimulation contains a composite mixture of flui<ls. 
The strength or concentration of hydrochloric acid found at any random 
aspiration represents the resultant of a wliolc scries of secretory phe- 
nomena, with fluctuant components which arc never constant or stable. 

The bulk of the studies on gastric acid control have been carried out on 
experimental animals and adult human subjects. No peculiar physiologic 
mechanisms beyond what are known or jircsiuucd to he true for adults 
have been demonstrated as being operative in the pediatric age period, 
although the strength of acid secreted is much less in childhood than in 
maturity. 

Purpose of Gastric Aualijsis, Since secretion of acid is one of the ol)vious 
major functions of the stomach, and readily detcnninable I)y .simple test- 
ing, clinicians from tlie time of Beaumont liavc been measuring and record- 
ing the stomach’s hydrochloric acid content in a host of normal and 
abnormal conditions, hoping to find in the readings a major index or 
criterion of the efficiency of its work, flepcatcd fractional examinations 
following simple test meals are considered by many workers to he more 
informative than single specimen diagnostic aspirations. Innovations and 
minor changes have been and are still licing introduced. 

Hollander and Penneri'* hnvo reviewed the wlmlc field of gastric analysis 
from the vicA\'points of history, development and usefulness. Tlirir 
criticisms of acidity determinations are representative in general, though 
perliaps not in every detail, with the expcrienccfl judgment of modern gns- 
tro-enterology, and merit tlie following brief summary; .Single specimens 
of acid containing gastric juice witlulrawn after any of tlie test meals 
rarely yield pathognomonic diagnostic information. Nor does the frae- 
tional method adequately fulfill the hoped-for purpose of demonstrating 
pathologic variations in the aiiility of diseased inuewa to resjiond to a 
standard stimulus. So-oallcd “ normal” curves can occur iu tlie presence 
of obvious stomach disease, whereas ‘‘abnormar’ curves are not nneom- 
mon among healthy indivifhials. Wide day-to-day variations may oeeur 
in the fractional curves obtained with any one individual with or without 
gastric disease. For these reasons, in addition to others concerne<l with 
details in performance of the aciflity tests themselves, many pliyrieian^ 
and institutions “have acc'orded to gastric analy.sis a forthright negation 
of all hut a modicum of diagnostic significance.” There is great ru‘<’d to 
develop and standardize all the physiologic jiroeedurc^s wliich show promi-e 
of value, and to apply the principle of fractional analysis to the study of 
the many individual physiologic eomp/)uenrs of gastrir* behavior. 
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numerical representation is the same, whether the unit of acidit}' be “degrees” or 
mN. The number of cc. of NaOH which would produce the second color change 
in 100 cc. of gastric juice similarlj^ represents total acidity. In the present Review, 
for reasons of brevity, the figures will be used alone without an.y descriptive desig- 
nation. The term “free acid” refers to the h5'drogcn ions not linked to the buffer 
substances. The “total acid” is a measure of the free acid plus the entire buffer 
capacity to the end-point of phenolphthalein. 

Several criticisms of Topfer’s method are pertinent. Gastric juice is a 
buffered mixture of assorted gastro-intestinal secretions. As Michaelis 
first pointed out,^“^ titration to the full yellow color of dimethylamino-azo- 
benzol corresponds to a pH value of 4 to 5. It gives therefore a misleading 
end-point for free HCl, which falls at pH 2.8. In the pH range 3 to 3.8 
neutralization of the acid proteins and the phosphates of the secretion 
account for much of the “combined acidity” once attributed to bound 
HCl.®*' Moreover the red color of phenophthalein marks a pH of 8 to 10, 
a reaction much more alkaline than that of the blood serum from which 
the acid digestive juice was derived. The^ndicator thymol blue would be 
preferable since it possesses a considerable higher degree of chemical and 
physiologic accuracy for free and total acidity.^®’ Unfortunately the con- 
ventional method of scoring in gastric analysis carries such a weight of 
tradition and already accumulated data that most contemporary workers, 
such as Cutter,®* are impelled to continue with it, though fully cognizant 
of the defects. 

Total Chlorides. The total chlorides of gastric contents consist not only 
of secreted hydrochloric acid and its salts, but also of neutral chloride 
derived from the alkaline secretions of fundus and antrum, from saliva, 
and from regurgitated duodenal fluid. It might be anticipated that study 
of the balance between free and total chloride would throw light on the 
relative importance of the various factors in secretion, but attempts to 
relate changes in chloride concentration with disturbances in secretion 
have not proved successful. Data on total chlorides can be found in many 
reports**'*®'’®* and have been especially investigated in children l>y Cope- 
man and Hill.®*’ 

'pie Resting Secretion. Fasting secretions, collected after no food or 
drink has been taken for 8 to 12 hours, show extreme variability in content 
of all elements.’'** Single specimens are Avholly unreliable as indicators of the 
state of secretory function. 

J’est Meals. Milk. A variety of foodstuffs and other substances have 
been proposed as standard test stimuli of gastric secretion. With infants, 
and with older children as well, the customary milk feeding mixture or 
some other related meal which the child has been taking regularly would 
seem the reasonable stimulus to use, for then one would get a true picture 
of what goes on inside the stomach during the every-day pattern of 
digestion. Indeed, ordinary milk meals were given for this purpo.'^e by 
the early students of childhood digestion, whose roster included the names 
of ICronenberg,*' R. Hess,®*'^ Hahn,*® Davidsohn,*’® Babboti ct ol.,^ Davi- 
son,*®'' IMarriott and Davison,®* "illpo,’*’ Wills and Pater.?on,’“ Griswold 
and Shohl,’® Parsons,”’ Demuth,*^ Klumpp and Bowie,®® Klumpp and 
Neal,*® Banu, Negresco and Heresco,® and Gianni.^*'" 

Milk is not the best standard test meal because its buffer strength 
fiuctuates with season of the year, breed of the cow. extent of dilution and 
precipitation in the formula, and size of the curds which form in the 
stomach. 

The buffer value of cow’s milk, plain or modifieti, is so grc.at that tlie 
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acid free in the stomach at tlie moment of drinking beconu^s obliteratcib 
absorbed by the buffer. For the first few minutes following ingestion, 
therefore, the pH of the gastric contents arc essentially the same as the 
pH of the milk itself.^**^ The pH then begins to fall slowly as the digestive 
secretions start pouring out. Coagulation of the milk soon takes place, 
complicating the chemical picture. Boluses of milk arc intermittently 
spilling out into the duodenum at inconstant and unknown rates, fiirtluT 
clouding the interpretation of the findings. As the consequence of the 
interaction of all these coinp]ex factors the slope of the pH cnr\ c given by 
successive samples of a milk meal withdrawn at regular inter Viils represents 
the resultant of a multiple series of changes rather tlum a pure secretory 
response. 

Many valuable data helpful to an understanding of the function of the 
stomach as a digestive organ have been yielded by the withdrawal of milk 
meals subsequent to feeding. However, to analyze tlie role played by the 
stomach as a unit in the chiUrs digestive system lies outside the seo|)(* of 
this Review, which is being confined to a study of the secretions th(*mselvcs. 
Yet, by way of illustration, one table of data, that of Marriott and Davi- 
son, is given here to show tlic sort of information that may he secured. 
Specimens were withdrawn 2 hours after feeding. The figures reprr*seiit 
the pH of gastric contents of normal infants compared with others sulTer- 
ing from infectious or nutritional disturbances. 

nria 

Hrca^t milk C'owV milk rnitk 

Xornial ... . 3 75 5 10 3 71 

-Abnormal . -I 74 5 ,35 \ 10 


When fever is present, acid secretion fails {rid*' infra), 'I'his agency may 
account for the above differences. 

Barley Gruel was preferred for testing of sick and well infants by 
both Meycri®' and Chievitz,^ who reported iis follows: infants s(‘crctc 
less acid than older children; wide variations occur withirt each age group 
and with individual children; infants being raised on milk-fn‘e or milk- 
poor diets secrete as much acid as those receiving abundant milk; infant*^ 
with acute parenteral infections may Iiavc decreased acidity for souir 
weeks thereafter; in chronic gastro-intestina! disorders free aeid may b*- 
low or absent. Ciiievitz found not one single instance of achyba m 
7)3 infants examined. 

With older children the Ewalo Tvn: or Test Meal, ^Y»^^^^ting of roll, 
toast, shreddt^d wheat, arrowroot cookies or twiked cereal with water or 
unsweetened ten, was used to obtain tlie data on nnrmid> i)re‘»‘rited^ b> 
Hurwitz/^ Sauer rf Klemcntoon,*'^ Co]>eman anrl 

ft Wrigllt,**^ Dielrieli and .Slielby,^ and Vanzant Da* 

Ewald test breakfast is taken on an empty stornaefj after ixtt fiv^*rnfglit fa*?, 
and the contents removed by a'^piration I iiour aft/ r the ‘•fart of fie* 

The ilata in Table I were sceiirefi by tliis ruetliml. , , ^ 

The Alcohol Meal, cfjnj^i-'ting of r/) ec. of 7^r grain ab'^drof 
ihroudi n tube, has readve^l attr-ntion Iwant'#* tlc' rrtnrm'fl 

is watery and easily removed fOgilvie,*-' Srr*aart’'V' ♦o'- 

sideretl "a O.OoCr cnfrviri solution ci-iualiy i fTeftivc. ANfth nttirr t 
Ewald or the alctdio! imal ** fraotiona!” removal of ga^tri^' ^ 

nmctisctl, specimens h* in^ witbdrav/n for tf-t:nc every IG or 
and the nchVity chanc^'r- un?!l tlcy rr?um to rlc* orunna, * '* 

level. 
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Dietrich and Shelby®* compared the shredded wheat and alcohol test 
meals in a small group of 14 children, using histamine also. It was noted 
that the Ewald test meal substances plugged the stomach tubes and 
hampered the laboratory titrations, besides being contaminated witli 
saliva. The alcoholic solution was free from these handicaps, but was 
thought to represent an unusual unfamiliar stimulus to a child. Histamine 
produced satisfactory specimens and was of great aid in distinguishing 
lietween true and false achlorhydria. Their average values were: (o) 
I hour after Ewald meal, free acid 22.2, total acid 43.2; {h) 80 minutes 
after alcohol meal, free 50.3, total 71; (c) 30 minutes after histamine, 
free 89, total 114.1. Alcohol is a stronger stimulant than a carbohydrate 
meal, and histamine is much more powerful than either. The authors 
concluded that the figures for free hydrochloric acid and total acidity for 
healthy children present such wide variations that a normal figure cannot 
he stated. 

The absence of any unanimity among the experts as to which type of 
test meal stimulus can be considered most suitable as a test for gastric 
functioning efficiency suggests that none of the meals fulfills the desired 
purpose adequately. For a more complete discussion of relative merits 
and faults, and details as to administration, the reader is referred to 
standard texts (e. g., Ref. 139), and to the critical review of Hollander and 
Fenner.*’ 

Stimnlaiioii With Hutaminc. Response. The stomach reacts to a 
parenteral injection of histamine with an extreme secretion of acid. The 
maximum volume, maximum free acidity, maximum total acidity, and. 
least reliably, lowest pH number may all be measured as significant indi- 
cators of secretory strength. These factors all pass their height and sui)- 
side before an hour, usually attaining highest values at about 30 minutes. 
Bloomfield and Polland’® claim that repeated examinations in the same 
adult subject following any given dose of histamine will yield secretion 
curves closely resembling each other. Most workers with children have 
assumed that this generalization, which is based upon adult material, 
holds equally well with youthful subjects. Cutter** found that with co- 
operative children repeated testing over several days produced moderate 
variations in the fractional curves, but when a state of anger or terror 
persisted through the test the results were erratic and as a rule in tin* 
direction of decrease in acidity. This failure of the poAverful stimulant 
histamine to overcome the inhiliitory influence of the psychic state upon 
gastric acid secretion is a telling illustration of the extensive control which 
emotions mediate on digestion. 

Dosage. 'With children, as with adults,^’ tlie response to hi.stamine 
has been found to be dependent upon the size of the dose.**-” 
small dose will evoke a small quantity of les.'^ concentrated juice. For 
clinical testing of stomach function the consensus has been to employ ;i 
<lo.s;ige large enough to produce hyperemia of the skin and .'■liglit aw'Ieni- 
tion of the pulse rate, without more toxic symptoms of headache or 
collapse. The careful .studies of Dietrich and Sheli)y.-'*’ .'^iemsen'*' anti 
Cutter** indicate that 0.01 mg. of active histamine per 1 kg. body may 
he recommendetl as the optimal dosage for children of any .-ige. Itj atl- 
minislering histamine this dosage should be calculated in terms of slie 
amount of histamine ha.se present in the preparation being given; 
histamine dihydrochloride contains 007 c histamine l^a.-e whereas erg,!mine 
acid phosphate consists of but 3(5 7c of active substance. Wlieti f».Tfonn- 
ing the test it is ctistomary to remove the g-astric contents fniciionally 
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every 10 or 15 minutes for ^ to 1 hour \s-hile the gastric catheter rests in 
place. In actual performance, specimens which by a yellow color suggest 
contamination uith regurgitated duodenal juice are discarded. '^The 
marked increase in gastric acidity which follows histamine shows that no 
large amount of alkaline saliva^“ is being swallowed during the test. 

Normal Values. It is not feasible or necessary to reproduce all 
mimitite of the accumulated data on the results of tlie'histainine test with 

The reported observations indicate that for chil- 
dren, as with adults, an extremely wide range of variation can he found 
among individuals of the same age and state of health. The volume of 
stimulated gastric secretion increases in proportion to body growth as 
expressed by weight. The mean concentrations of acid do not increase in 
any such parallel proportion. Strong values for liydrogcn ion coru^ontra- 
tion are attained soon after 1 year of age. 

The T\dde scatter of the data, the limited number of observations, and 
the dissimilarities in technique and presentation used by the dilTerent 
authors make it difficult to compile an elaborate statistical presentation 
of normal values for liistamine-stimulatod juice. The following table h 
compiled from the sources cited. It shows the range of sjiread reported 
for healthy American cl)ildren. A])proximately ().()! mg. histamine ha^^t* 
per kilo was given. The data for secretory volume liave been recal(:ulaie<l 
in terms of cc. per minute in order to get a common denominator for 
comparison. 


Ape 

S/'crptory voltirne 
(per minutp) 

(cc,) 

}'rr^ 

aciility 

To!nl 

nriility 


pH 

Prematures 

. 0 12-0,15 

0 

0- 8 

1 

1 

Xewlxjms 

. 0 20-0 ►IS 

■ 0- 20 

15- 10 

<> 

3 -3 0 

2 wks. to 0 mos. . 

0 25-1.10 

0- 50 

5- 71 

1 

5-3 1 

Till to 12 mo. 

. 0-10-1.50 

12- SO 

25-105 

1 

5-2 2 

1 to 2 >TS. 

0 70>I.S0 

15“ 05 

20-105 

1 

2-2 0 

2 to 5 yrs. 

. 0 50-2 20 

20- 00 

38-102 

1 

1-2 0 

5 to 10 yrs. 

. 0 10-3 30 

53-113 

r.l 115 

1 

12 0 

10 to 15 yrs. 

2 70-3 00 

10 115 

01 128 

1 

4-2 0 


As a comparison, the range in total acidity for normal adults a-^ ol^v-rvcd 
liy Bloomfield and PoIIand^^''" had extended from to after histamua- 
stimulation. Three-fourths of the values were over UK) and tlie greatc.-! 
number of cases were encountered at about the 135 range. 

SiONiKiCAXCK L\ Anacidity. In Dietrich and Shelby's-' emnparbon o; 
healthy chihlren one interesting 0 year oh! child ga\*c weak juice with tie- 
Ewald and aI(*f)hol menU, the highest rca/fings being 13 fre#- Iff 1 
and 32 for total acid oi)taine<l with the l‘hvald meal. I>at<T, after D.2.f 
of histamine (0.01 mg. [kiloj body v/eight) a ri-e to 105 fre e HCl and D ' 
total acid w;ls sefajn‘f!. This ca^^e illustrate- the univer al 
that histamine stimulation should he employed with evi-ry patent v. fjo 
shows low scTfetion of acid with a test rneal. A diagno d- of a/ddoriiydn-*- 
mu 5 t not be made until thi- of stirindatioTi ha- ber-n trie<i. In *aeL 
in adult ps-troH*ntero!ogy, the j)rineipal u^^‘of fii-tarnire' t^- 1 a? 



adminl-^terol by rnourh. givi-* ri-* to an evs 
place of the more normal :d 
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taking of food. From the evidence one must conclude that for children 
as with adults the acidity values obtained with histamine have no clinical 
significance apart from uncovering true instances of achlorhydria. 

Norvial Values Following Ewald-type Meal. For adults the well-known 
Mayo Clinic”^ standards for normal men, based upon a test meal of 
arrowroot cookies and water, group themselves about a modal range of 
45 to 50 for free acid, and 63 to 66 for total acid with most workers. Hista- 
mine stimulation gives figures 10 to 30 % higher, on the average, than with 
the Ewald meal; the free hydrochloric acid occasionally rises to 150 or 
even more. 

Table 1. — Valves for Free Acid in Normal Children Folloivino 

Ewald-type Meal 

(Collected by Vanzant, Alvarez, Berkson and Eusterman'*-) 



Males 


Females 

Age 


Standard 


Standard 

(yrs.) 

Mean 

deviation 

Mean 

deviation 

2 . 

.... 12 0* 

8.0 

9.0=^^ 

8.S 

3 . 

.... 17.0 

8.5 

13.0 

9.2 

4 . 

. . . . 20.5 

9.0 

16 0 

9.G 

5 . 

.... 23.0 

9.6 

18 5 

10 0 

6 . 

. . . . 24.5 

10.2 

20.5 

10 5 

7 . 

.... 26.0 

10-8 

21.8 

11.0 

S . 

. . . . 26.5 

11.3 

23.0 

11.4 

9 . 

. . . . 27.0 

11.7 

23.5 

11 S 

10 . 

. . . . 27.5 

12.0 

24.0 

12 2 

11 . 

.... 27.5 

12.5 

24.3 

12 5 

12 . 

.... 28.0 

13.0 

24.5 

12.9 

13 . 

.... 30.0 

13.5 

24-S 

13 4 

14 . 

. . . .33.0 

14.0 

25.0 

13.7 

15 . 

.... 37.0 

14.5 

26.0 

14 0 


* E.\pressed as cc. N/IO HCl per 100 cc. gastric contents, or millinormal strength. 

A good picture of the range of free acid in normal children after a simple 
Ewald-type test meal is given in the paper of ^^anzant, Alvarez, Berkson 
and Eusterman.^'*^ Their figures were obtained by pooling the data of 
Jacobsen,^'* Klementsson,'*'' Muhl,^®^ and Wright'^® together with material 
from their department at the Mayo Clinic (Table 1). Increase with 
growth is clearly shown, as is also the tendency for boys to possess some- 
what higher values than girls of the same age — a se.\ distinction which 
persists throughout life. One notes that the rate of rise is greater in the 
first few years than later on. Of striking importance is the magnitude of 
the standard deviation. The range represented by the standard deviation 
will include when added and subtracted from the mean slightly more than 
two-thirds of all the cases. Thus, for instance, at age 2 about two-thirds 
of the boys will exhibit free acid figures between 4 and 20. 

It should be emphasized that this tabulation was compiled from a large 
group of single tests following a moderately stimulating carbohydnite meal. 
Other subjects of comparable age and health, or the same subjects if 
tested again at a later date, might have yielded statistics difTering .some- 
what from these. In fact the data on normals from ,‘^iill other sources, 
such as Ogilvie’s’®''’ 60 children who had had porridge as a test mc.al, ran 
about 25% higher than the figures above given. 

The figure.s of Vanzant c( al. for age 1 year have been omitted from the 
reproduced table. There is a question how the test meals given to the 
younger infants in the first few months — whatever they may have been — 
<^mpare in stimulant effect with the Ewald type used with the youngster 
beyond infancy. Again, as reference to the original soun'cs shows, mu all 
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the infants included in the tabulation were liealthy and free from disease. 
Furthermore, the collecting into one single group of all infants 12 inoni!i> 
and under masks completely the progressive increase in values which is 
taking place during this important year of rapid growth. 

Neirborji Period, Unexpectedly higli acicl values are found in the 
immediate postnatal period. This was first pointed out by Alfred Hess-’ 
in 1913, who aspirated the gastric contents of 55 unfed newborns under 
15 liours of age. The quantity of juice obtained from each ranged from 
0.3 to 5 cc., though 1 infant held 10 cc. and another 12 cc. of secretion. 
Tlic possibility of this fluid consisting in part of swallowed aiuniotie fliuM 
seems excluded by the further observation that on rejieated aspiratmn'i 
free acid could be secured each time, indicative of its eontitumi sei retioa. 
In one striking case a total of 17 cc. of higlily acid gastric juice (free 
HCl 30 to GG) was secured within a 110-miniite period. Pollitzer”’ nnuh* 
similar observations in a series of 100 unfed newborns. Griswold and 
Shohrs studies'*^ on the fasting secretion in 25 normal newborns showed a 
pH range from 1.7 to 4.4 (numerical average 2.()). 

Very recently Ritter'-® reported on tlie resting secretion in 3G unfcfl 
newborn infants J to 14 hours after birth. In over 50% of the infant> 
the free acid was higlicr than 20, reaching to 50 in 1 iiistaju’c. Four 
showed no free acid. The pH ranged from 4.(5 to 1.3, .‘\ttemj)te<l stimu- 
lation by milk and barley gruel provoked little response. Forty cc. of 2^^ 
Lici)igs moat extract produced increase of total aeiri hut none of fret* acid, 
presumably because of the buffer action of the contained proteins. 

Cutter*® is (he only one to report on histamine stimulation of neu horn-. 
His series is too small to establish any generalizations; but (> of 0 newborn^ 
10 days old and younger produced free acid with histamine, the highest 
value being 20. 

^liller'®^ systematically followed the fasting acid with 50 normal infant- 
from the 1st day of life until 1 month of age. Nearly all were l)reaKt fed. 
Specimens were taken 7 hours following the preceding f(‘e(Iing. The gn^trie 
acidity had its highest value on the Ist or 2(i day of life, and then abated 
until the 7th day, after which it remained at a negligil)!y low Iev<*I. Milb r - 
4 lata were summarized in the following table of averag(*s: 
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this hypothesis one may comment that none of tlie known hormonal 
secretion-stimulating substances, such as enterogastrone, exert their influ- 
ence for more than a few hours following a single administration, and 
certainly not for a protracted period continuing as long as a week. A 
likelier cause for the phenomenon may lie in the erythrocyte disintegration 
and other proteinoclastic changes which take place during the first days 
after birth, while the newborn adjusts to the external environment and 
subsists on tissue reserves instead of external nourishment. Such catabolic 
processes are known to engender histamine-like products. Consequently 
the higher level of gastric acid secretory acti\dty during the neonatal 
adjustment period may be construed as evidence for presence in the circu- 
lation of excessive amounts of these or related physiologic stimulants. 

The Pavlov theory of acid secretion, described earlier, holds that the 
parietal secretion is an isotonic or nearly isotonic solution of HCl (concen- 
tration around 167 mN). None of the modern proponents^°‘^''*®'“‘^ have 
published any special commentary with regard to the low content of free 
acid found in childhood, especially in the first year of life. If the theorj- 
is correct, the following peculiar circumstances must be active in all chil- 
dren: (a) the relative proportion of functionally mature parietal cells is 
much lower than in the adult stomach; or (6) the cells are not diminished 
in relative quantity but their rate of secretion is very slow, because of 
specific inhibition or lack of stimulation, vdth neutralizing secretions being 
formed with normal rapidity; or (c) the acid is being secreted at a normal 
rate from a full complement of cells but neutralizing mechanisms are opera- 
tive to excess. 

Inhibiting Effect of Fever. Yllpo^®^ placed healthy infants in hot baths, 
which raised the body temperature to 38.5° to 40° C., and noted that the 
readings for hydrogen ion concentrations of their gastric juice were invari- 
ably about 1 point higher on the pH scale than before the induction of the 
artificial fever. A similar lessening of acidity was observed also in several 
vaccinated children. Daily reading of the fasting gastric contents showed 
a rise in the pH curves (denoting weaker acidity) reflecting almost exactly 
the body temperature curves. Marriott and Davison^^ found a slight 
reduction in intragastric hydrogen ion concentration in febrile infants ill 
with acute or chronic infections and Da\nson^“ noted the same phenome- 
non in diarrhea cases. In both studies test meals of milk were employcfl. 
Bloomfield and Polland^'* describe a marked depression of gastric secretion 
amounting to transient complete anacidity in normal adults under artificial 
fever e.xperimentally produced. The physiologic procc.^s which slow.-; 
secretion of acid when body temperature is elevated has never beetJ 
explained. 

True Anaciditg. True or complete anacidity is considered pre,<cni only 
when no free acid is secreted following histamine stimulation. .Among 
adults true anacidity is a chronic permanent condition. It is an almost 
invariable companion of pernicious anemia and occurs with great fre- 
quency in cancer of the stomach. There is a question as to how important 
a role true anacidity plays in the pathogenesis of the hypochromic micro- 
cytic anemia of middle-aged women, tvith which disorder it is very fre- 
quently associated. It is occasionally di.<:covcrcd as a random, unrclatt**! 
finding in a great variety of disease conditions and occurs in many othcr- 
wi.ce norm.al individuals. Distribution may be familial. Many sul.jjects 
have remained entirely well over years of observation, never exhibiting 
evidence of gastric discomfort or disease. 

Bloomfield and Polland” who made an exhaustive study of tnie anacidity 
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concluded that no case should be so diagnosed until certain rigid criteria 
had been complied with. Complete absence of free acid must be deintnu 
strable by repeated analyses over an appreciable interval of time; tempo- 
rary inhibitory influences such as fever, anxiety states and chronic inhM'- 
tions must be excluded; histamine must not provoke secretion of hydro- 
chloric acid, or perhaps but a trace. In most cases the gastric secrelionx 
wall be found scanty in volume, rarely over 10 cc. in 10 minutes, with 
pH between 3 and G, and total titrable acidity rarely exceeding 10. Only 
\vhen tests for pepsin indicate that the quantity of this secretory element 
also lias been reduced to a minimum may the designation of (irhitui 
tnea legitimately be applied. With most clinically discovered cases of 
anacidity the histamine test, repeated if necessary, will usually firing out 
that the alisence of acid is but false or transient. 

When gastric analyses arc performed on any large series of apparently 
normal adults, following fasting conditions, routine test meals or 
histamine, every possible degree of secretory activity, from none at nl! 
up to maximum rates, will be discovered. This point needs einphn^i'^. 
since all evidence show.s that the same sort of normal variation liohN 
during infancy and childhood. 

Instances of true histamine-resistant anacidity in childhood arc rare. 
Insistence on refractoriness to histamine as a cardinal requirement for 
/liagnosis excludes tlic data in all papers jirepared prior to the introduction 
of the histamine test some 20 years ago,- as well as in many more recent 
publications. Indeed the number of children reported as I)eing stmlini 
with histamine is astonishingly small in view of the great Ixxiy cd wnrl. 
which has been done on adults with this method. Dietrich and Shclfw" 
studied 14 children aged 4 to 14 years and found free acid (from HMo 1 17J 
in every ease. Siemsen'*'^ reported on 40 tests with subjects 4 1 to 13 yc:tr> 
of age and demonstrated strong acid responses in all but I . This exc’cptiotj 
was a 10 year old girl, weighing 25 kg., who following the inject if »n secretf^^l 
15 to 2S cc. every 15 minutes with 0 free IICI ami 4 to G total acidity. 
The fliairnosis of ''undernutrition” was rect^rded, and the statement tfjat 


the mother had pernicious anemia. No repeat tests were flone, and ra* 
other comments made. NealeV'^* data is sketchy an<l inenrnplf‘te, hut la* 
appears to have invi^tigated 20 children ranging from (» inontli- to 
12 years of age without encountering anacidity. Faher *t n/.'* fljund U'l 
<*ases in 7 normal young children, 3 iimler I year of ace. In 
(to rheumatic fever chilflren te>tcf] afiJT porriflge only I ally had 

no acid. "The boy with rhetjmati^rn appf‘:ire<( to liave a p<*r*;‘.t»'af 
achylia; in <» test meals over a jHTiod of G mmitli- no free arid found 
anfl the total acidity, tlie chlorine and the p<-ptir activity vere lov. evyr; 
with hl>tamine. Ventrieulin ami large rio-v^ of iron impmved tii^ m:/ i 


anemia and general condition ^rirhottt havin::: any e/P-fU on ga-tm* re 
tion.” Not onf‘ i>f other liealtljy ehildnui le*t’Ae*ui ne»nt!t' an* 
12 ve.ars of ace by Ogilvie ha/l tnn* anariflJ? y, I/ hmarin i' 

bv >Hller ^' having cnf-exiTUered fUie 12 month old infant v, ith an::rid:f> 
but the puhli-lu'fl '•tirnmary*' fail- to irK'Iud»' arsy refererne to f?;- 
Cuiter^^ 72 children D)y- are! 3G nri-f 

the act:s of 4 day.- nnd 4 year*' o.u n ho.pita! v. anh cTrhjtfing nny r^^ o*. rr.r . 

from cl-trr>'iritfVtinal ufeetr and am-rnias Id.*- ordy 

in the nrjacidity ran-e v.crc in the n^or.r.tal 2 p.O'rr.:*urr 

•I'-rti 17 -n'i riT ix-c’.i-.fly. an-’ .*> r,:!,»r irifcin;- ;=;■-! ‘Jv 
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examined daily for the first 10 days of life. Two years later^®^ 1 of these 
6 babies was retested, using histamine. No free acid was produced after 
sufficient histamine to cause cutaneous hyperemia of head and neck. The 
baby’s birth weight and physical development had been normal, and to 
all appearances he was “a strong, healthy child.” 

True anacidity may be adjudged, therefore, as an exceptional circum- 
stance during childhood. Affected children have not been followed long 
enough to answer the question as to wdiether the absence of secretion will 
always persist as happens with mature individuals, or whether it will 
eventually fade away and disappear. A further problem demanding 
elucidation deals •with the ultimate fate of these children. Are they more 
likely to come down with pernicious anemia or other forms of anemia 
than are youngsters with unimpaired gastric acid secretion ? 

False AnacMity. The term “false anacidity” is applied to those cases 
in which secretion of acid follo%vs histamine injection, but is otherwise not 
demonstrable imder fasting basal conditions (knovm also as basal ana- 
cidity) or after a test meal (relative anacidity). False anacidity happens 
more often than does the true or complete variety, h'liller*®^*' surveyed 
much of the published data on normal children, and noted the condition 
to be recorded in 100 % of infants aged 2 weeks, 35 % aged 4 weeks, and 
about 17 % for ages 3, 6 and 12 months. From the first year until adoles- 
cence with the Ewald meal, there was a gradual decrease in frequency. 
With adults, false anacidity is often associated with gastritis. In childhood 
the occasional absence of free acid except on strong stimulation cannot be 
so readily accounted for. 

Hypoacidity and Hypochromic Anemia. The close and fundamental rela- 
tionship between pernicious anemia and anacidity in adults has been 
known for years. Pernicious anemia, of course, is encountered almost 
never in childhood. Another variety of adult anemia associated frequently 
with either hypochlorhydria or true anacidity is microcytic hj’pochromic 
iron deficiency anemia, occurring chiefly among middle-aged women. 
Internists suspect that some sort of unidentified gastric malfunction exists 
in most of these cases.’® It is improbable that the defect lies primarily in 
hydrochloric acid secretion, since oral administration of this acid in abun- 
dance will not correct the anemia,’® but rather that, as in pernicious ane- 
mia, the acid secretory defect runs parallel with the lack in some “intrinsic 
factor” or anti-anemic principle. 

That children having the familiar nutritional iron deficiency anemia 
often suffer from anaciditv as well has been noted by Hawksley, Light- 
wood and Bailey,®^ Ogilvie,’®® Faber ci al.,^' Paxton,"® Stewart,’®’ and 
Wilson.’"’ With most of their patients simple test meals, but not hista- 
mine, were used for the estimation of gastric acid secretory function. 

Faber®’ studied 10 children between 7 months and 2 years of age having 
hypochromic iron deficiency anemia and defective acid secretion. ^Mth 
histamine, free acid was absent in G and low in the remaining 4 instancts; 
total acidity and minute-volume were low in all. Every one made a 
speedy recovery with iron therapy. Four of the children were soon re- 
e.xamined, and still had absence of free HCl, or mere traces. Iwo others, 
twins, were only S months old when first seen with anacidity .and anemia. 
Seven years later 1 had still nearly complete anacidity and .a mihi anemia. 
The other was able to produce free HCl up to .50 following histamine, 
and had microcytosis but no hypochromia. Faber poiiutxl out that tlic 
average healthy child in the first few years has a mild hypocliromic anemia 
as compared with later childhood and adult life. He suggcste<i that the 
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small quantity of gastric juice with its low content of acid which is stXToiiHi 
normally in early childhood may handicap iron absorption and c'ontrihutc 
to the susceptibility to nutritional anemia at this age. 

Stewart'^ compared the acidity responses to the alcoliol test meal among 
several small groups of infants. Ten anemic infants exhibited some lower- 
ing of free and total acid as compared with a wntrol group of 7 normals, hut 
/ other infants having other illnesses showed a more conspicuous diinimi- 
tion. Three infants when tested within d months after recovery from 
anemia had low or absent free acid, but a larger scries of 12 infants and 
young cliildren who had been ill with anemia 7 months to 3 years earlier 
all showed excellent acid production. From her limited personal observa- 
tions and a perusal of the papers on record, Stewart was inclined to believe 
that tliere was no evidence for tlic existence of a congenital failure *>f 
gastric secretion as one basis for nutritional iron deficiency anemia in 
infancy. 

Wilsoid^* re])orted on 12 children with nutritional anemia, 10 im<ler 
5 years of age. Six of the.se when tested with alcoliol and histamim* 
produced no free gastric acid; 3 others produced no acid with alcohol alone 
(histamine not used)^ and 3 had low acid with histamine. IlydroeliforM' 
acid taken by rnoutli for an average of 11 days while receiving a 
ward diet failed to promote significant hemoglobin rise in any ]jaiieni. 
An ensuing course of ferrous sulfate then produced excellent hlood regen- 
eration. Gastric analyses were unfortunately not repea te<l after reeovery. 
Dacie and Ellinair'^ have descril)cd an S year old girl witli good im-etMing 
dietary liistory whose hypochromic anemia respoiuled cjuickly to iron 
therapy. This case is interesting hecaiise histarriine-n^fistant achlorhy<irin 
was found to exi'^t both before and soon after recovery; later analys**^ were 
not made. 

Uelatcil mechanisms may be at work in both the mitritional anemia of 
ehildlaxa] and tlie microcytic liypochromic anemia of ini!!<lle-agt‘d woim n, 
but too little is known mieerning the etiology of either for elear-<*nf d*r- 
larations to be made. The tmulitions tiifTer in tliat tnn* arraeidity 
fairly common among tljc adults and p<*rsis!s after re<*t>vrry from the 
anemia, whereas in childhood the available faet> iiuHeate that acid < rr- 
tion returns with i>r swn after r<*('f>very. 7'hb i^ illn.'-t rated by mit' o. 
OgilvieV'"^ ease’s. A child with simile iron defirieruy anemia had m* fo*' 
liydroehloric aeul even with histamine, but I montfi later, after itupn^w- 
meiU wiib iron medieatifin a simple gruel t(\>t meal elicited tlie pOHlurfioo 

e 1 - .. —'-I 
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For example, out of Clyne and Rabinowitch's®^ 3 cases 
of duodenal ulceration, 1, a 13 year old girl followdng an Ewald test meal, 
had a maximum of 65 units total acidity and 45 units free acidity in 
Ij hours; another, a 7 year old boy, reached maximum levels of 35 and 
20 respectively in 1^ hours; and another 7 year old boy had peak rises to 
but 23 and 11 a,t 1 hour. Not enough diagnostic examinations of the 
gastric contents in gastric or duodenal ulcer are on record to furnish 
adequate factual basis for clinical generalization. 

Free Acid in Other Disease States. With test meals average values for 
acid have been reported low in such conditions as asthma,^® rheumatic 
fever,*®®® celiac disease,®'*’*®®* and anemia,*®® but the variability of indi- 
vidual cases has been so marked, and the number of cases so relatively 
small, that the statistical reliability of this supposed decrease may be 
gravely questioned. No decrease occurs in infantile eczema.®®’*®®* In 
pyloric stenosis, according to Miller*®®* and Salmi,*®® gastric secretion prior 
to the onset of symptoms is normal in quantity and acidity. As soon as 
vomiting begins, gastric stasis occurs with raised free and total acidity. 
Later hypochlorhydria develops, though the combined acid remains per- 
sistently elevated. Steimann*®® reported on 58 children of all ages ill 
with a variety of diseases, measuring successive samples withdrawn 
through a small tube left in situ until the stomach had emptied. Caffeine 
was employed as the stimulant. Only 4 of these produced no free acid, 
3 being refractory also to histamine, vdth recovery from their illness all 
but 1 began to secrete acid. Pepsin was demonstrable in 3 of the 4 at 
the time of transient anacidity. One only, a 10 year old girl complaining 
of abdominal pain, remained pepsin- and acid-free in spite of histamine 
stimulation. During a period of hospitalization, she exhibited no anemia 
or other disturbances. There is no note as to later ree.xamination. Apart 
from anemia as discussed above, there are no knovm disorders of child- 
hood in which either anacidity, hypoacidity or hyperacidity occur regu- 
larly and consistently enough to be of service as diagnostic aids. 

Summary and Conclusions. Human gastric juice appears to contain no 
true rennin, its milk-clotting power being due to the pepsin content. 
Pepsin is present in indeterminate amount; it is questionable whether the 
pH drops low enough during infancy for its proteolytic action to be 
effective. Attention is directed to a newlj' discovered digestive enzyme, 
cathepsin, which appears to be of importance in protein digestion, during 
early childhood especially, and to the minor ferments lipase, lipokinase, 
gclatinase, Briicke-pepsin and the amylase-activating factor. The secre- 
tion of hydrochloric acid is low in infancy and increases with growth. 
In the immediately neonatal period acid secretion is temporarily increased. 
The fasting gastric secretion is an undependable index of acid secretory 
power. Carbohydrate meals of the Ewald type are moderate stinuili. 
alcohol somewhat stronger, while histamine provokes an e.vce.ssive and 
unphysiologic response. Few cases arc in record in which children ■vHtli 
apparent anacidity failed to produce free acid on repeated tests vdih hista- 
mine. IMany children with anemia have transient anacidity tmless stiimi- 
latcd by histamine, btit the deficiency tends to clear as the anemia is 
(‘orrected. However there may be rare instance.'' of anemia with complete 
or true anacidity in which acid is consistently ab.^ent. Witli healthy 
children the range of vjdues for acid production is so broad, regardless of 
the stimulus used, that the results of gastric annly.ses in di^i'ase condi- 
tions are almost always worthle.ss. 
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factor in cancer. Opinion concerning their causal relation to cancer indi- 
cates that birth trauma is regarded as a much more important factor. 
The remainder of those replying indicated that non-specific infections 
rate second as precancerous lesions and specific infections third. Questions 
relative to the investigation of cervicitis revealed that the majority did 
not feel that smears were important and that biopsy was indicated in only 
a few cases. Most of the men were of the opinion that the Schiller test and 
colposcope added little to the investigation of this condition. It would 
seem, therefore, that, in general, gross inspection of the lesion was thought 
to be adequate to make the diagnosis and to decide on proper treatment. 
By far the most common form of treatment used is actual cautery. The 
next in order of frequency are the 3 operative procedures; Sturmdorf 
amputation, trachelorrhaphy, and conization, which occupy about com- 
parable positions. Cautery with chemical agents occupied a position quite 
similar to these 3 procedures, and cautery under anesthesia is next in 
importance. The incidence of complications following treatment was 
surprisingly large. An analysis of the 3 chief complications, hemorrhage, 
stenosis and infection, revealed that cautery was responsible in 35%, 
38 %, and 54 %, respectively. Since there has been considerable discussion 
concerning the relative merits of conization and Sturmdorf amputation, a 
comparison of complications following these was thought desirable. It 
was noted that the total number of complications was about the same. 
There is a higher incidence of hemorrhage and infection with conization, 
while the incidence of stenosis of the cervix following the Sturmdorf 
operation is sufficiently high almost to equalize this. In view of the large 
number of complications reported, it is of interest to study the opinion 
concerning contraindications to treatment. It was noted that retrover- 
sion which has been emphasized by many as a contraindication was 
regarded as insignificant by 80% of those replying. The fact, however, 
that 97 % avoided treatment in active infection and yet 148 acute infec- 
tions attributable to the treatment were reported, suggests that the 
method of diagnosis of infection of the upper genital tract or its activity 
may be lacking in efficiency. 

Until comparatively recent times cervicitis was treated by a variety of 
<louches and the application of medicines by means of tampons; but 
since the effect of such treatment was only upon the superficial cells, it 
h|U been largely replaced by various forms of cauterization. At the Mayo 
Clinic, according to Piper, of 640 patients whose cervices had been 
cauterized and who replied to questionnaires 6 to 9 years after treatment, 
1 patient only reported the development of cancer. That patient had had 
a polyp removed and its base seared by the cautery. She was treated 
elsewhere for epithelioma of the cervix 4 years later. That chronic 
cervicitis is a source of infection is demonstrated by the relief of clmonic 
backache, and also by the improvement in the sensation of pelvic heavi- 
ness, in some malpositions of the uterus and in tenderness of the uterine 
bgamonts after application of cautery to the cervix. In a series of cases 
worn the Clinic of 358 patients who have had an associated lumbosacral 
fype of backache 62.8% were relieved and 11.4% reported the backache 
unproved. 

The results of treatment of 611 patients at the Hospital of the Uni- 
versity of Pennsylvania have been presented by Tompkins.’® The 
methods of treatment wore cauterization, trachelorrhaphv, Sturmdorf 
npcration and ainputation. Kach method gave relief of leukorrhea in 
"ipjiroxunately 85% of cases. Trachelorrhaphy gave a lower percentage 
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of eradicating deep-seated clironic infections of the cervical canal in older 
women. (3) As a complete substitute for the Sturmdorf operation in any 
condition of the cervix for which the Sturmdorf operation is indicated, 
(4) As a means of obtaining adequate biopsy material in cases in which 
original biopsy material presented cytologic abnormalities strongly sug- 
gesting neoplastic change. (5) As a substitute for older methods of 
trachelorrhaphy in most wmmen but especially in elderly women. Exten- 
sive conization as here described is a hospital procedure and^ should be 
reserved for the more severe types of cervical lesions. No serious imme- 
diate complication occurred in any of the conizations comprising this 
study. During the first few days there is little discomfort but commenc- 
ing the 3d or 4th day the discharge becomes profuse and is often bloody. 
Normally this discharge persists for 2 weeks, after which it gradua,lly 
decreases. Vaginal cleansing douches are essential during this healing 
period, the type of douche making but little difference. Ultimate healing 
Avith complete epithelization renders the cervix clean and normal in 
appearance. In a few patients small areas of delayed epithelization are 
noted. In these, healing may be hastened by the use of the fine nasal 
tip cautery. Strictures occurred in about 9 % of the cases. The majority 
were mild and required only dilatation or passage of a sterile sound or 
hemostat. The fact, however, that strictures do occur, some of them 
severe, warrants care in the selection of cases and careful observation 
afterward. While the number of pregnancies subsequent to conization in 
this series is small, the trend certainly suggests a harmful influence on 
subsequent pregnancies. This is seen to be in the direction of abortion 
and premature labor rather than cervical dystocia as might have been 
anticipated. This tendency to early interruption of pregnancy is another 
drawback and suggests its use only in women past the childbearing period, 
.and even then they do not consider it a substitute for the less radical office 
procedures in mild cervical disease. 

A method of chemical cauterization using zinc chloride without the 
necessity of an anesthetic has been reported by Bourne, Bond and McGar- 
rity." Porous clay pencils were used as the medium for introduction. 
They Avere If inches long and of different diameters. If these pencils 
are placed in a saturated solution of zinc chloride for 10 minutes, they Avill 
become fully charged A\dth the salt and ready for use. In most cases there 
is no difficulty in inserting one of a suitable size without pain, and it is easy 
to remoA'e by the AAdre passed through a hole drilled in the proximal end 
of the pencil. The absorption of zinc chloride by the tissues is fairly 
constant according to the size of the pencil and the dmation of the appli- 
c.ation and it is sufficient to produce necrosis of the mucosa extending 
from about 2 to 4 mm. deep. If the dose of zinc has been insufficient, 
either because too small a pencil has been used or because the time of 
application is too short, the zone of necrosis will be uneven or not deep 
enough to .affect all the glands, and partial failure wall follow; on the other 
hand, if the dose has been excesswe, necrosis may penetrate too deeply. 
In these cases a large slough, representing a cast of the major part of the 
cerA-ix, tunneled by its canal, may separate about the 7th day, but ex'-en 
though so mudx tipue has been removed they haA>^e neA'er seen anj’^thing 
more than A’ery slight bleeding at the time of separation. The type of 
cervix most suitable for treatment by zinc chloride is the one that has not 
been deeply lacerated and is therefore able to hold the pencil in close con- 
t.act with Its Avail tluoughout its whole length. A strip of gauze moistened 
AAUh n b% solution of sodium bicarbonate is loosely packed around the 
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ivniv iuhl firmly avuin-.t tiu* os to iimiritain tlx* pcnril in fK^.iition. Tin* 
iM iic il in Uirlulrawn in from 2 mA lioiir.. ilxpf nilm;: on it.s.siV.a. Xo further 
t^riMfiUfiit is iircfn u‘iry. ] lie Mih u‘fjiH*nt elifiiea) eoiir^e is as follows; For 
2 or a ilu\n titerr is no Uisi'harK^s ihU is dm* ia the eomplete necrosis of 
fin* mm oils memliniiir*, whieh has mU yet he;;un to separate as a slouch. 
AlMii/f the or ffli fhiy if reajifiears ami im rease^ until the fith or 7th flay 
uheii a iittlf* is usually nolieefl. I'his eorre.'.jKiurls to the sej)aration 

of the nrerofir mue»>%a a* a .slouch eith/’f in one U'ell-</e/irif*cl ^rav mass or 
in the form of Muall jiartiele . atnl shre<N. h\»r a few days there is a profuse 
n» ni|mruh'nt di^eliar^e, whieh gradually dinuni'^hes diirini: the next d weeks 
until finally there in nothim: more than the normal moisture of the vapina. 

The iinr of ionization in the treatmetit of ehronie eervieitis has been 
Very em‘oura^dfm* to I'orman' who has treated IKt [lalienis and pven 
•tS?i treat mentn. Of thi'^o, 71 jiatients were diseharp'd as eornpletely 
eiired. I ItiTr uiTe ft (fUfipfete fafhfri*>; fiatamtM had a [K*lvie infiarn* 
mniory disease with a palj)al)Ie masn ('orifusin^ the pieiun*. S(*ven patients 
after re<*elvin^' the full eour^e cd fJ treatiurnis were rfdievefl of the profuse 
disehnr^'e, hut, elinieally. Were not eiirerh a definitt* erosion with edema 
of the ef-rvK hein^* j)rt*:a*nt. 


Motliod. 'I’le* terlini(jnr ji*.* follow .s: Tlu‘ jonirntion appanitus 

»^•hver^ a dirrct j^alvnnir rurn nt ulaVli is roatrT»H<sl hy a rlirostnt and aicasurfsl 
liy a intlliiuuiwre tui'trr to I’o milliainiH’ri’s. Tla* instnuneat has two [K)1cs 

'I'ho iir^ruivo cjijo is atlai'lMwl to a sjws*irilly di'sij^rasl Indifferent elect nxle covens! 
u'ifh a art felt fetd. 'I'o the jKHttive fK>h* is aftaehetl the iatracervical ropp<*r 
elt'etrinh* u'liteli is made in Ti siri'S, d<*>i;;n(sl to fit the rervieal canal without enter- 
ing tlie interna! tK, 'I'he wet felt pad connecle<I to the ncf^ative pole is place<l 
tinder the huttock^ of the j>atient. A hivnive sfX'culura is then introduced, the 
cervix exis>s/.<h aud secretion reran ve<l. Tin* projH'r sired copjKT electrode is 
in‘*erted to fh(‘ internal o>. If tla* t*xternal os is too small to admit even the smallest 
eleetoKle, the tip of tla* electnale is intrixlucrsl and tlic nef^ativo current is turned 
on slowly. Five to JO milliam|HTes ummI for about o minutes causes softening 
and nduxutam of the tis>ia*s aliout the external os, permit tiiiR tfie further insertion 
of the instrument. .After the ele<drode his Ix'en jiroperly plnre<l, the positive 
current is turnwl on, thr^ rln'Osfat is turnni slowly until the milliamctor rc'gisters 
from iS to 20 amp<‘res. df'fxuidinK upon tlie amount rif current desircxl. The larger 
the area of the eleetrodr* in contact with the eerv/Val canal, the greater the amount 
of current. .After a minute or two, (he el(*etrode adliercs to the cervical mucosa, 
(’ottou is then p*iek<‘d against the cervix .surrounding (lie electrode to prevent its 
displacement. At the end of 15 or 20 minutes, crystals of copper oxychloride may 
lie seen to surround the elect nxh* and external os. The current now is turned off 


slowly, the electrode withdrawn, and the cervical canal is seen to ho covered by a 
layer of copper crystals. Vory often, <hie to superficial electric coagulation and 
dehydration of tin* tissues of the cervix, the electrode becomes ndlierent to the 
cervical mU(‘osa, This ni'cessitates the use of tlie negative current for 2 or 3 minutes 
in order to allow tin* withdrawal of the electrode without undue trauma to the 
rervieal mucosa. The pati(‘nt is then instructed to take a cleansing douche every 
flight imd to return in 2 wei'ks for another treatment; 4 to 0 such treatments are 
usually suflici(*ii( in elearing up the average ease of endocervicitis with erosion. 
Most patients liave complained of some degree of ernmplike pain in the lower 
abdomen during and for several horn's after the treatment. In a few cases the pain 
was sev(*re enough to confine them to bed for 1 day, but no other untoward effects 
were noli*d. In no case Iins there been any evidence of blooding or slough. 
<‘Vf)erience witli this method lends Iiiiu to believe that it approximates, more 
cios-elv limn anv other thus far advocated the ideal treatment for endocervicitis 
rUv denositioi/of copper ns copper oxychloride produces a marked bactericidal 
..ffort, Thn mild conKuIntinR properly of the positive current « f'nvchnR 

and ohliternlion of the infected glands, whde tlio technique of treatment keeps 
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the cervix well dilated, bring all the mucosa and the openings of the cervical glands 
in contact with the electrode and, what is more important, permitting adequate 
drainage. 

Stricture. In one of his characteristically instructive papers Curtis® 
states that the frequency of cervical strictures merits repeated emphasis; 
they are of common occurrence in the practice of everyone concerned with 
pelvic diseases of women. The various therapeutic procedures employed 
in the treatment of lesions of the cervix are more important than any other 
factor in the etiology of cervical obstructions. Endocervicitis is also 
important in the etiology, and in the majority of cases of serious stricture 
there is a history of an inflammatory process as well as of instrumentation. 
It must not be assumed, however, that absence of a history of infection or 
of instrumentation invariablj'’ gives assurance of a patent cervical canal 
and adequate uterine drainage. Marked strictures are encountered in 
virgin patients and in others in whom there is no discoverable predisposing 
factor. Fibrotic constriction of the cervical lumen is much more serious 
than simple obstruction by adhesions. If drainage is not free, pocketing 
of the cervix may occur immediately above the fibrous obstruction. 
Metaplasia of the columnar epithelium into squamous epithelium has been 
found in the roughened pocketed endocervix above a cervical stricture. 
Irritation from retained secretions may be a factor in stimulating the 
metaplasia. Tumorous nodulations of the endocervix and lower uterine 
segment are a less common cause of uterine obstruction. The effects of 
damming back of uterine secretions and menstrual blood may be far reach- 
ing — perhaps important in the etiology of endometrial polyps, adenomyosis 
of the uterus, pelvic endometriosis, and back pressure inflammatory proc- 
esses in the pelvis. The relationship of obstructive retention to the devel- 
opment of intra-uterine cancer is a problem which merits further study. 
He believes it will eventually be regarded as a surgical sin to use radium, 
or make repeated endocervical topical applications, or apply the cautery 
within the cervical canal, or amputate the cervix of the uterus, or even 
administer expectant care to a patient with notable endocervical disease, 
without prolonged and attentive observation thereafter directed to the 
maintenance or patency of the cervical canal. Our thoughts have been 
too little concerned with the lumen of the uterus and the importance of free 
uterine drainage. 

Reviewing the ultimate results in a series of 261 patients operated upon 
at Woman’s Hospital, New York, for chronic cervicitis, Bullard® finds 
that for the cure of cervical leukorrliea high amputation is perfect, Sturm- 
dorf operation excellent, low amputation very good, and trachelorrhaphy 
disappointing. Varying degrees of cervical stenosis followed Jiigh ampu- 
tation in 54% of the cases, low amputation in 18%, trachelorrhaphy in 
12%, and Sturmdorf tracheloplasty in 1.8%. Of 59 cervices repaired by 
high amputation, 23 were impenetrable by a probe, yet only 2 had obstruc- 
tive dysmenorrhea. Only 2 out of 59 operated upon required operative 
dilatation later. There was much less stenosis after low amputation 
(1S%), only 2% had obstructive dysmenorrhea while there was no ob- 
structive dysmenorrhea after trachelorrhaphy. The Sturmdorf operation 
gets a well-nigh perfect record of non-interference with subsequent preg- 
nancies and labors. One case of serious cervical dystocia followed a uni- 
lateral trachelorrhaphy, and this type of operation may ha\'c caused a 
premature labor in another: but there were 9 entirely normal labor.' in 
patients who had a previous trachelorrhaphy. No dystocia and no abor- 
tions followed low amputations, and there were S normal labors: but this 
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i»|H'ntO(»n \va> (In- ijuih- nf m IvivA I pninatun* lalior anti jHThajH of 

othtTN. Of pn'^MKint’i*-. afttT ln^,-h anijuttation*^ 2 ttrininatctJ in prema- 
titrr lalMir^ attt! 2 uhoriiMl fri>ni uiiilftrnnin<‘(l t'an^#*.^, a had rocYjfd. Dia- 
fhtTiny inay rfplata* j>nrr»’ry iti da’ trt’atuifnt of chrtjnic ('arvicnds; hut 
tiiily if i! ^\ill iTatlic.itt* tin* fntira rlisfavtal arra as dfja‘ntlah!y as ji knife 
anti sttow a hf-tter reeonl \\\ MihM^ipn-ni laho^^ than tiie Sturmdorf opera- 
tain, 'riaMiruTt-eof ’a-arrint: folIi»\vin^ tliatlienny has nt)t lieen suffieientlv 
drmon>lrated. 

The Hotainod Cervix. I* or many year,-^ tluTe has heeii disens>ion anion;: 
ryneeoio^^ist 'i to the advi-alolily of removinj: the cervix in all cases 
when* hysiereetoiny is perh>rmed. ^Dio^f* in favor of complete hyster- 
ectomy hasc their t)j)init»n on the <hm;:cr of tht' <h*v*el(jj)menl of (*areinoinii 
in tin* retc.ined ^^nmp. A ''imly which has he<*n imnle hy Ilenriksen^ is of 
interest hecatt’c while he >l)o\vs that the meitfenee of <*anccr is Imv* there 
arciitln'r symptom-' whieli tleveltJ)) in a small pert*entat:e of patients whose 
cervix is retained. 'Ute altcratimi in tin* vasenlarity of tlie retained 
cervices, to;:ether ^^ ith the Ios> of the ehaniri’s in diameter of tlie cervical 
canal which normally accompany menstruation, icml to stricture forma- 
tifui, with sttl^setpicnt cervi<’al pvtunctra. Tlu'sc stricture’s and ahscesses 
arc often <»verlook<'d in routine examination. csp(*<'ially when the portio 
vaginalis presents a |:ro‘'sly normal smo<»th snrfac’e and a small external os. 
Not infreriuenlly it i^ tin's type of cervix that constitutes the causative 
source of hackacln-s, urinary symptoms and a persistent Iciikorrheal dis- 
char;;c. Simple dilatation of the cervleal canal usually results in quick 
relief. In a scries of (Mod slumjx, he has rcconls of IfiT jiatients returning: 
heeatist' of complaints relative ti> the stump. Of the lo? patients. 2(i 
were found to havt* jirlmary (‘areinonia of tin* stiimj). 

'TIh* eommmi <'ausc of periodic va;:inal hleedini: following: sulctotal 
hysterectomy is hi;;h anqintation of the nirpus, and tlie hleedin;: is there- 
fore an indication of menstrual activity. Of 22 patients presenting irregu- 
lar vaginal hfeeding, 7 had definite matignaiiey of the stump. This is 
the most dangc’rous grouj) in tlie series. Ihitienls are frequently advised 
not to he alarmed if they exjierienee scant hleeding on several occasions 
following suh-total hysiereetoiny. Xuturally, tlie patient is likely to 
interf>ret such lilec’ding wlien it does neenr as of no imj)ortanee- Again, 
not infretpieiitly ahiiormul bleeding may even apjiear several years follow- 
ing the operation and may then he considered as an indication of the 
menopause. '^J'he jiatient.s in this group in whom henigii lesions were 
found, jireseiiled for the most part fimetioning eiidoinetriiim in association 
with chronic infections of the c(Tvix or cervical jxilyps and were treated by 
cervical cauterization. Of the 112 jaitients coinplaitiing of an iiioncnsive 
vaginal discharge, varying in amount from a self-termed moderate ’’ to 
'' profuse,*' 3 had cancer of the stump. Six of tlic 10 patients presenting 
a foul discharge and no evidence of hleeding were found to have cancer. 
There wore 20 patients conij)Iaining of vaginal discharge with various 
degrees of hleeding; 0 of tliese had cancer of tlic cervical stump. Many of 
these patients who com])lain of leiikorrhcal discharge in the ahsence of 
cancer .show definite evidence of stricture almiit the external os, in spite 
of tlie presence of deep lacerations. He treats these strictures by dihUing 
llie canal to the size of a No. 12 Hegar dilator, generally this is more efnea- 
eious tlian the cautery, l)Ut care must be taken not to tear the cervix 
during the insertion of tlie dilators. The fact that only 2.4 % (15/ patients) 
nf the 0550 patients returned to the hospital with complications referable 
to the stump, and that of tliesc he has records of only 2G or a percentage 
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of 0.45 showing cancer, indicates that the incidence of stump cancer is so 
low as to be of relatively little impoi't. There is no evidence that sub- 
total hjjsterectomy predisposes to cancer of the stump or that the residual 
stump is more susceptible to malignant changes than the cer\'ix of a com- 
plete uterus. He does not feel that the 0.45 % incidence of stump cancer 
is sufficient reason to advise the total operation with its morbidity-mortal- 
ity rate of 2 to 5 %. It is common knowledge that in the hands of the less 
e.xperienced surgeon, total hysterectomy is accompanied with greater risk 
than when the more conservative operation is employed. The more 
rational approach would be to fit the operation to the patient and to the 
physical findings, rather than to advocate either operation as a routine. 
With proper pre- and postoperative treatment of the cervix, total hyster- 
ectomy merely as a prophylactic against cancer of the stump is probably 
rarely indicated. 

The development of a fibromyoma in the cervical stump following 
hysterectomy is very unusual. Based on an experience of 4 such cases 
Hyams’® states that these tumors grow more rapidly than those of the 
body of the uterus and may attain a considerable size. The majority 
originate in the posterior portion of the cer\'ical stump and tend to grow 
backwards toward the cul-de-sac. They may be retroperitoneal, intra- 
ligamentary, or subA’’esical. The first manifestations are usually obstruc- 
tive, due to pressure of the growth, and consist of marked constipation, 
pain in the abdomen or pelvis, and if adhesions are present, drag on the 
adjacent viscera. With pressure on the bladder, the patient complains of 
urinar^S’^ disturbance, urinary frequency, urgency, incontinence, or reten- 
tion. Vaginal bleeding or discharge is frequently present; it may be slight 
or profuse. In 1 of his patients, the bleeding was so se\"ere that immediate 
transfusion was necessary. If the possibility of such a tumor is borne in 
mind, the diagnosis should not be difficult. It is based on palpation of 
a solid tumor attached to the cervical stump. If the mass fills the pelvis, 
there may be some confusion as to the origin and type of tumor, particu- 
larly if the uterine adnexa have not been removed or dense adhesions are 
present. Because of the location of the growth and possible distortion 
of the ureters or bladder, a careful urographic stud.y of the urinary tract 
should be made to determine the relation of these structures to the tumor 
before treatment is instituted. Surgical intervention should be prompt. 
Because of the site of the growth and its tendency to grow upward and 
backward, the abdominal route offers the best method of approach. The 
operation may be difficult and tax the skill of the surgeon, as dense adhe- 
sions usually present may cause malposition, distortion or fixation of the 
adjacent structures. Once free, the tumor is easily shelled out. The 
possibility of distortion of the bladder from a previous operation or pos- 
.sible atypical position of the ureters should not be o\'erlooked, and care 
must be taken in the identification, separation, and preservation of these 
structures. If the tumor mass is found so adherent to the bladder that 
separation cannot be accomplished without injury to tlie viscus, it is 
advisable to resect that portion of the bladder with the tumor mass, and 
repair the opening in the bladder wall. There is usually considerable 
Venous oozing from the cavity from which the tumor is enucleated and 
this is best controlled by packing. AH raw areas should be peritonized. 

Tuberculosis. While all investigators admit that tuberculosis of the 
cervix is a rare disease, it merits consideration because of its clinical 
resemblance to carcinoma. In a report based on 191 cases Collins^ states 
that in ajiproximately S5^ of the cases it is secondary to a tuberculous 
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foni'i fi)nntl Jm tlir or In (’itluT tiu* p(s(ro.intt\-ti!!ai or the penito- 
uniiary trart. Of tho isr> which lir Ims .stu^Iicfl from th:^ literature, 
ihi-rc wu^ (h’mon'.tral)lc tiihcrcnlo^is cl<cwlu‘re. In 102 
c:i‘’(v. fo^.io' ) pcnitoMirinary ttihrrcnh»Ms was procnt \n cither an active 
ora (fuhvrcnt ^tapc. Marriap** and prcpnaiu'v arc two ('(miinon c'onlriliut- 
inp <'lioIopi(' fat’tdrs. J ijhcrciilo'dH (>f the female pcmTati\'c tract occurs 
iiuinI fn-^picntly in the Kallojaati tubes and propressively diminislies in 
frctpicney as it approai-ht-s the uterine cervix. It is hciicvcd that this 
cli'^ca'^e ti^tiidly refills from a dt-^cendinp infcctuiii spread I)y nmtipiity 
from f»>ci sitnalial hipher iti tin* j>clvir» or hy luan/it/jpenons arnl lyrnpho- 
pcin>!is rotiics frtmi distant foci. IViinary tnherenh^sis of the uterine cer- 
vix is rare. In this sorjrs of IS.) eases stn(lie<l frt>m the litenituro there 
Were Ki proved iiwtanets of tins type of primary infec'tion. A true 
example of primary tufjcrruheis of tin* uterine cervix must fulfil the 
<Titerion of heinp the only focus of tuhereulosis in that j)atient. Tuhercii- 
losis of the cervix nt<Ti is elassifital into *1 typ^-s: the ulcerative, the 
pajallary, tfie miliary and the rare haeillary catarrhal. Thus the pross 
apj)earauee (>f the (aT\’Ieal lesion may vary widely. The typical lesion is 
tisually ulcerated. Tin* e<Ipes an* eitluT well defined nr undennined and 
are surround(»d hy either tulaTcIes or norimtl-appearinp tissues. The 
adjuct‘nt portions of the vapina may he involved, and tubercles may be 
seen. Secondary infections are commonly superimposed on these lesions. 
Vnryinp depn‘es of hleeditip or even severe liernorrhapes with aceoinpany- 
inp foul leukorrhea tire fn^fpii'nily eiu'Ount^Ted. Mieroswpically, typical 
tul)ercle formation is (Y)ininonly seen. Often atypical tubercles composed 
of only epithelioid and lymphoeytie cells may he the only evidence on 
whi(*h a presumptive diapnosis of tuherenhwis can he made. Acid-fast 
.stains for the ])resenee of the tubercle bacillus in either the microscopic 
.section or the tissue smear may he aj)j)arently nepative. Inoculation of 
puinca pips may prove to l>e the only relialile inetliod hy whieii a correct 
diapnosi.s can he i*stahlished. ]Iioj)sy is a quick correct method of estnb- 
lishinp a probable diapnosis. lleinoval of such a specimen will not injure 
the patient, while the issues at stake are of such pravity as to make a 
correct diapnosis imperative. The treatment of tuliercidosis of the uterine 
cervix slionld prefora hly he of radical surpical character, such as abdominal 
panhy.sterectomy with the j)ossihIc preservation of one ovary, if the 
patient\s condition and other factors are favorable, because usually exten- 
sive tuherculous disease of the upper pelvic part of the pcncrativc tract 
is prc.sent and must he eradicated if cure is to result. For tliat reason 
and hecause of the rarity of a primary tuherculous infection of the cervix, 
local treatment of the cervical lesion is not ndvisal)lc. For similar con- 


siderations Roentpen and radium therapy will often prove to he disnp- 
pointing in tlicir end-results. The contraindications to tlie employment 
of surgery arc advanced local tuberculous lesions with extensive involve- 
ment of the neiphhoring bladder or rectum, extensive tuberculous salping- 
itis, marked secondary infection, the presence of active tuherculous foci 
clsewliere, cardiovascular disease and senility. ^ 

At Pciping, Lin'- found 21 cases of pelvic tuberculosis over a period of 
15 years. He found that it occurs most frequently during a period of 
sexual activity and may he due to either e.vogcnous or endogenous infec- 
tion It produces no pathognomonic symptoms although menstrual dis- 
orders hemorrhage, leukorrhea and sterility are common complaints.^ me 
disease is frequently confused with cancer and the can 

sometimes he made only by microscopic examination. TJie treatment 
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depends on whether the disease is primary or secondary in the cervix. If 
primary, radical surgery is indicated, but if secondary, often associated 
with tuberculosis in the lungs, tubes and ovaries, palliative local treatment 
is probably the wisest procedure. 

Danforth" concurs with the preceding authors that in the great majority 
of cases it is secondary to tuberculosis at higher levels of the genital 
organs which in turn are usually preceded by lesions elsewhere, usually in 
the lungs, from which the tubercle bacilli find their way to the pelvis via 
the blood stream. Infections from external contact are rare. The symp- 
toms are usually not marked and consist largely of leukorrhea. The 
disease is frequently mistaken for cancer although the typical induration 
of cancer is absent and the lesion does not bleed as easily on contact. He 
states that radiotherapy should not be used but the best treatment is 
complete hysterectomy if the condition of the patient permits. If it is 
quite certain that tuberculosis of the cervix is primary, amputation of the 
cervix will be a satisfactory operation. 

Granuloma Venereum. Another benign lesion which may be confused 
with carcinoma is granuloma venereum, also known as granuloma inguinale. 
The recognition of this disease in the cervix is comparatively recent since 
Tund, Huie and Gotcher^® were unable to find a single case of granuloma 
venereum of the cervix in the files prior to 1934. However, since 1934 
9 cases were observed and this confirms the impression that venereal 
granuloma is on the increase. The 9 cases were found in the 830 biopsies 
of the cervix which were performed between Jan. 1, 1934, and March 31, 
1938. This is 1.1% of all cervices that were biopsied. Of these 830 
patients, 694 were white and in none was the diagnosis of granuloma 
venereum made. Of the biopsies from the 136 negro patients, 9 were 
positive for granuloma venereum, an incidence of 6.6%. If the 69 car- 
cinomas are eliminated from this group, we find that 13.4% of the remain- 
ing 67 negro patients who complained of cervical lesions, suffered from 
granuloma venereum. 

In an analysis of 38 cases of this disease Arnell and Potekin* state 
that it is now generally agreed that granuloma inguinale should be regarded 
as a ^’^enereal infection, e^^en though extragenital lesions have been de- 
scribed. The Donovan body, which is the specific etiologic agent in 
granuloma inguinale, is a microorganism which probably belongs to the 
protozoan group, although there is some evidence to suggest that it may 
he a fungus. It is pathogenic only for man and is transmitted only by 
direct contact. It has never been cultured. The incubation period is 
thought to be 40 to 60 days. The lesion of granuloma inguinale of the 
cervix appears first as a soft, red, granular macule. It enlarges rapidly 
and sometimes ulcerates early, forming a shallow, granular ulcer with 
Well-defined edges. Sometimes it develops as a hypertrophic granular 
mass in which are ninneroiis small areas of ulceration. In advancetl 
stages the entire cervix may be replaced by a large cauliflower mass of 
.soft, friable bleeding tissue. The cervical lesion may e.xtend to the adja- 
cent vaginal walls and may completely fill the vaginal vavdt, or, occasion- 
ally, may be combined with only a few discrete vaginal lesions, or even 
a single lesion. IMicroscopic examination of the lesion reveals character- 
istic exuberant granulation tissue in which the pathognomonic cell is 
found. The essential feature of the histopatbology is the presence of 
large monocytes with maiiy intracytoplasmic spaces in which the Donovan 
bodies are dispersed. These boilics. which are elliptical or round and 
stain deeply, are usually arranged peripherally in the intracytoplasmic 
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SomriinifN. linwovrr. tlii‘y an* .scatt<;n*<l thnnigli the ee!!, or 
appear a.s on,* or more nillertion'^, pii^^liinf: the mieleus to the Of 

the oS ]>atient>, were mh»recl and only *1 white, thitse hcm{; in 

ajrreernerif wJth the hi^'h jirofKirtion of nt'proes with f:ranuIonm inguinale 
of the e\tenial genitalia n 7 a»rti*<l in the literature. Apparently thcJfc are 
the fii>t eas<*s of ('erviral granuloma inguinale to he rcjwte'd in white 
women. A purulent or Moody vaginal <Iis(*harge, hemorrhage, and pelvic 
pain were tin- ehirf eomphiint.s for which tlie patients sought relief. The 
earlie'%1 symptom wa*< tisiially a serous <lise!iarg(*, followed .successively hy 
ptindent Ieuhr»rrhi*a. Idfxxl-stained leukorrhea, or in some instances, by 
profit* t* vaginal hemorrhage. Hleialing was pr(*senl in of thc.'i^S eases, 
the prominenee of thi-i symptom being dm* to the tendency of the lesion 
toward early ulet‘ration, with involvement of the highly va.'^cularized cervi- 
cal tissite. 'rhirty f>a(iertts ('orttplafned of pain or dfsexunfort in the lower 
abdomen, usually asNoetaled with bai'kaehe. The pain was bilateral in 
all but d iuHtaneis. Matty patit'uts exhil)ite<l panunetrial and adnexal 
thickening tutd tendenu*ss upon pelvic examination, and S had palpable 
masses in the pelvi>. In many, if not in most ease.s tlu* jtelvie inllaimna- 
tory disease was n)n(*<>mitant or pr<*i'‘xistent, and uot the result of the 
eervit'al inf(*etion, for a large pereentagt* of the colored women treated at 
Charity Hospital exhibit ]>elv'ie disease. In other instances the a.ssocb 
atcil pidvic iliscase was apparently due to secondary infection of the 
primary cervical lesion, wit It lymphatic extension to the pelvis. Direct 
extension of the granuloma inguinale to the pelvis may also occur, with 
involvement of tin* uterus, tubes and ovarK*s. Ten of the IS patients who 
W'crc hospitalized bud tempenitun*s above 100° K, and 14 bad sedimen- 
tation rales of less tlian .SO minutes. Many were anemic and txunplaincd 
of wcakn(*ss, thus demonstrating the e/rcets of blood loss and of chronic 
infectious proee.sse.s. The duration of symptoms varieil from I week to 
years. Most of the long-standing cases represented untreated or chronic 
k*sions, or perhaps recurrences, rather than reinfections. About one-half 
of the patients .sought relief in less than a month after tlie onset of symp- 
toms, apparently because of the foul-smelling, sanguinopurulent dis- 
charge wliich causefl sunieicnt discomfort to force tlieni to seek early 
medical consultation. The interval is unusually short for colored patients 


who tend to delay medical consultation wlienevcr .severe pain is not a 
prominent symptom. Antimony compounds are coihsidered specific in 
granuloma inguinale and should he employed routinely, although, if special 
indications are pre.scnt, it may be necessary to employ other measures 
also. They prefer tartar emetic to fuadin. It is given intravenously 
twice or 8 times a week, in doses of 10 cc. of 1 % solution. Local therapy 
is also advised in all cases. They have had the best results with topical 
applications of ncoarsphcnaminc (4.5%) in glycerin to combat fusospiro- 
clicto.sis and secondary infections and to promote liealtliy granulation 
tissue. They also employ potassium permanganate irrigations (1:1000 
solution) to alleviate local irritation and to overcome the odor of tlie 
discharge. In most cases clinical improvement was noted within 3 to 
4 weeks after treatment was begun. In 1 instance cure was effected by 
4 injections of tartar emetic given over a 4 weeks period, but the average 
duration of treatment was 3 months. The longest course of treatment 
wa.s 14 months. It is most important that treatment be continued long 
enough to effect a permanent cure; the tendency is to discontinue it ^vllen 
sitrns of superficial improvement are evident. Chronic lesions are otten 
resistant to therapy, but early lesions usually respond rapidly, and prompt 
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diagnosis is therefore essential to a rapid cure. Recurrences with any 
form of therapy are unfortunately common. The therapy of granuloma 
inguinale of the cervix during pregnancy demands a special note since the 
response to tartar emetic therapy is poor. Large growths may complicate 
labor and introduce serious hazards of hemorrhage and infection. Delivery 
from below should always be employed if it seems safe. If, however, the 
cervical growth is extensive or if concomitant lesions of the external 
genitalia have produced so much scar tissue that vaginal delivery seems 
unwise, Porro Ctesarean section may be necessary. 
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The Incidence of Hemolytic Anemia in Mice Fed Diets Containing 
Sulfamerazine, Sulfadiazine, or Sulfapyri^ne. Albert R. Latven and 
Arnold D. Welch (Department of Pharmacology, Medical Research 
Division, Sharp & Dohme, Inc., Glenolden, Pa.). Hemolytic anemia is 
occasionally seen tvhen sulfonamides are administered to man. In the 
mouse, however, an anemic condition of the hemolytic type has been shown 
to develop within a period of 2 weeks when sulfanilamide, sulfanilyl- 
guanidine, sulfapyridine or sulfathiazole is incorporated in the stock ration. 
Tire potentiality of each of these drugs for the production of anemia was 
related by Richardson (J. Pharmacol, and Exp. Thcrap., 72, 99, 1941) to 
the sulfonamide concentration found within the erythrocyte; the 4 sulfon- 
amides were shovm to be indistinguishable from one another with respect 
to the molar erythrocytic concentration required to produce anemia. 

In this study, sulfamerazine and sulfadiazine were examined for their 
capability of producing hemolytic anemia in the mouse; sulfapyridine 
was used as a standard of comparison. The sulfonamides were thoroughly 
incorporated in the stock ration in various concentrations, each of which 
e was given ad Ublium to several experimental groups. EHdence for the 
production of anemia was obtained from colorimetric determinations of 
heinoglobin, using the acid-hemutin method. 

The comparison of the anemia-producing potency of the sulfonamides 
Was based upon the percentage incidence of anemia at various levels of 
sulfonaniide concentration in tlie blood. The blood level which produced 
a o0% incidence of anemia was found to he as follows: sulfapyridine, 
2.S mg. per 100 cc.; sulfadiazine, 33 mg. per 100 cc.; and sulfamerazine. 



v\n'n;u\:s^ or mijmcai, s( n:N('i: 


mk; 

in^. jxT KKt <’(*, J he urtnal Milfoiianndc* rrmccntralinn within the 
rrythrrH-vto m th<>M h vrls was: snlfapvndine, in;?. (10 niifTomols) 
|H'r KM) re,; Milfadia'/iiir, 2<*» in^% (10:> micnnnols) jmt 100 or.; and sulfa- 
in(*ra:^:in<\ 2:i m^r. <.S7 rnirTfUnols) per 100 ee. 

Alllinti^di Uiehard''Ou s fi^din^*^ with sulfapyridiiie have Keen eonfirinDd, 
tin* *2 pyrimidine derivatives, Milfnmerazine and snlfadiitzine, are produc- 
tive of hemofytje anemia in the mouse only when the stilfonainide con- 
eentratioii u it Inn tin* iTythroeyti*s i> raised to a a])proxi?nately 

10 times tliat reijuired for MiIfaj»\Tidine. Allhou^di it is jmssihle that the 
de^'ree of lieiindylie ajjetnia prodneetl in the mf)nse I)\’ a sulfojiainide may 
he related to its eorieerjtratiorj witiiin the <Tytiiroeyt(‘, it is aj)j)arent that 
the various .stdf<»tnmnd<*s are not tieeessarily <’(|nivalent in anemia produe- 
itm potency am! that the to\i(’ elfeet of sulfonamides on (‘rythroeytes is not 
inluTent in tin* sulfanihinndi* niU‘h*Us. (Miiueal data so far available 
snKiCt*>f that the ineideiu-e of Inunolytie anemia in man following the use 
of siilfailia'/ine or snlfamera/.im* is lower than with snlfaj)yridine or sulfa- 
thia;:ole. 


Eficcts of Acute Hemorrha[ro of Known Amount on the Circulation of 
Essentially Normal Persons. 11. A. Shknkin, K. II. Chkxkv, S. IL 
(oivoNs and T. Stauu (Departments of Xeurosur;:ery and Research 
'J’litTap(*nth-s, Fniversity of iVnnsylvania), A ^Tonp of 2.3 essentially 
h(‘althy volnnte(‘rs has been hle<l ainoimts which varied from 500 to about 
1000 ee. Observation of i)nlse rale and blood pnvsnre wer(» made, before 
and for sev(Ta! hours aftt‘r hemorrhu;:e. in IxUli the reetnn])ent and erect 
positions; and ballistoeanlio^^nuns were taken in the reeunihent position. 
\Mten the amount bh‘d was oxer 500 <*c. tfic blood drawn was eventually 
replaced and observations made after its rest(wation. The blood was 
drawn from the anteeubital vein in from -1 to 20 minutes. 

lleinorrlujfres nj) tf) 1000 ee. produced only slight changes of blood pres- 
sure, pidso rate and ballistoeardiographie record as long as the sul)jects 
reinaine<i nx'iimbent. Tiie values obtained were usually well within the 
normal range*, so tliat in the gn*at majority of eases it would have been 
impossible to diagnose the henu)rrhage. had one not been aware of it. as 
long as the subjects remained recumbent and at rest. 

However after the hemorrhage as soon as the subjects stood upright 
the pulse rate accelerated ami Idood pressure fell to a degree far more 
marked than was fouml either before tlic lioinorrliage or after the blood 
was restored, and 8 subjects were unable to stand without collapsing. 
Sucii spells of faintness were accompanied by marked .slowing of the pulse, 
sweating, facial pallor, and nausea, which sometimes persisted for several 
minutes after the subject was laid Hat. 

Coticlu.votts, Hemorrhage of large amounts could not be diagnosed by 
the usual cliuical methods as long as the subjects were recumbent and at 
rest. Rut as soon as the subjects arose, the al)normality became apparent- 


A Biological Method for the Quantitative Estimation of Certain Organic 
Bases. DonoTiiY R, Stkwaut and IM. H. Jacobs (Department of Physi- 
ologv University of Pennsylvania). Tlie method depends on the ability 
of t«anuic acid (u) to combine with alkaloids and other organic bases, an 
(h) to retard the exeliuuge of ions across the red cell j 

.slowing the course of hemolysis in a suitable mixture op Axi4V^ 

NII4HCO3. 



PHYSIOLOGY 


807 


The pH of a M/6 solution of NH4CI is first raised slightly above 7, with 
an alkaline phosphate buffer and approximately M/600 NH4HCO3 and 
1/600% tannic acid are added. The times of 75% hemolysis of freshly 
washed erythrocytes in this mixture are then determined (a) with no 
addition, (6) with the addition of an unknown amount of the base in 
cjuestion, (c) with the addition of known amounts of the same substance, 
and (d) wnth the omission of the tannic acid. To secure speed as well as 
accuracy, the unknown concentration is adjusted by dilution to give a 
time of hemolysis 2 or 3 times as great as that obtained with the test 
solution lacking the tannic acid. 

Since tannic acid also combines with proteins, which begin almost 
immediately to escape in disturbing traces from freshly Avashed erythro- 
cytes, standardizations and measurements are carried on simultaneously, 
using 3 tubes at a time, all started at the same instant, the middle one 
containing the unknown solution and the others one of a higher and one 
of a lower knoAvn concentration respectively. By a series of successive 
approximations the known solutions are brought to any desired degree of 
closeness to each other and to the unknown solution.^ 

The method has been tested superficially with quinine and strychnine 
and carefully with atabrine. With the latter substance concentrations of 
1 to 1 million or less can be measured with an accuracy of 2 or 3 %. 


Respiratory Inhibitions Studied by Analysis of Single Fiber Discharge 
in the Phrenic Nerve. Robert Hodes and M. G. Larrabee (Johnson 
Foundation, University of Pennsylvania). The superior laryngeal nerve 
was stimulated centrally in anesthetized cats and the activity in single 
phrenic motoneurones was recorded by means of an amplifier and cathode- 
ray oscillograph. - 

A sharply defined threshold for inhibition of inspiration can be demon- 
strated by applying different numbers of stimuli during the course of 
inspiration. With stimulation of less than threshold value, short delays 
are introduced between successive phrenic impulses, after which inspira- 
tion continues to completion. The greater the sub-threshold stimulation 
applied, the greater is the pause between successive phrenic impulses. 
Threshold inhibitory stimulation frequently causes a sequence of events 
consisting of the customary cessation of activity during stimulation fol- 
lowed by escape of 1 to 3 impulses before inhibition becomes complete. 
This brief resumption of activity may occur following stimulation during 
the middle or latter part of inspiration but is never seen following stimula- 
tion applied immediately after the first impulse of an inspiration. 

The threshold for inspiratory inhibition declines progressively during 
the course of inspiration. Two periods of subthreshold stimulation can 
sum to inhibit inspiration when separated by as much as 0.4 second. 

Brief stimulation during expiration prolongs the expiratory phase. 

All the above results can be demonstrated after section of the carotid 
sinus and vagus nerves. 

Inhalation of high CO2 or low O2 mixtures raises the inhibitory threshold. 
The response to high CO2 remains despite clAcmoreceptor denervation, but 
the low ©2 effect is abolished by sxich a procedure. 

AH the foregoing results, as well as most other respiratory phenomena 
can best be explained by employing, with a few additions, the schema of 
respiratory interconnections proposed by Pitts d ah (1939). 



BOOK REVIEWS AND NOTICES 


IN Hior/Kjv. Honf)r of Hkcujkut M, Kvans. Written by his 
lTien<i.’», I'ji, ; lunny illus, Bcrkclev niul I/)s Anj^olos: University of 
(‘.nlifornin Trice, SI 0.(Kb 

^ An exnrnination of tins meinorini vnUnne, written in honor of Dr. Ilerhcrt 
1C vans (inchuling a coinj>lel(^ lnb!io^rnj)hy of his work and 48 essays contributed 
by his frieofls anti as<r)ciates) stimulates the reader with thoup:hts concerning 
the jjresent status of tin' individufd scientist in the ever widening field of 
experimental biologx*. Orm thinks of the sco|>c of biological research, and 
that we are nil exfXTimentnl biologists. Thus, nn essay '*On the Growth of 
Di^r Antlers” found next to one on the Heart in Alyxe<icnm/’ and Siger- 
isl’s ” Imjjotenee a lU^sult of Witchcraft ” j)rccedcs If, P. SinitlTs discussion 
of the quatititative asj>ects of bloo<l cfiagulation. 

Theti one is remirute<l of the high degree of s])Cciali 2 ation to which biolog>' 
has evtdved by the 3 jmpers dealing with the relation hctweeti minerals, Xa 
and K, carbohydrate metabolism and the adrenals, wliich are ■vmtten by 
Jane Uusselh Evelyn Anderson, and Irvine McQuarric. 

One might well wonder to wfiat extent an individtial might cover such a 
wide field in the presence of coinjwtition to be exj>cctcd from the highh* speciaU 
ired. A study of Evans* bibliography shows that he worked on problems in 
anatomy, pliysiologx', nutrition, chemistry, biochcmistr>% and cmbiyolog;^'. 
Of interest is the fact that he puhlishe<l 10 paj>crs in the first decade of his 
career, and 22 in the single year of 1042. Tacit implication of far-rcaching 
changes that linve taken jdace is fotmd in the fact tlint the fonner papers 
were published in 11 different journals, while the latter were carried by 9, 
only 1 of which is among the first list, and most of the 8 remaining were non- 
existent at the beginning of Evans’ researches. 

Among the essays are a number of liistorical papers whicJi arc new and 
refreshing, in that thev bring within reach of the reader infonnation concerning 
which cvcrx'onc could find quotations but few could actually read. One of 
these is a translation of Purkinje’s ‘'Contributions to tlie Ilistorx* of the Bird’s 
Egg Previous to Incubation." Here is related tlmt the distinguished scientist 
was not the first “to sufTcr the \dolcnt disturbance in a university circle when 
the reflected glimmer of established dignity began to fade in tlic light of a 
major luminary’." 

An article on the forgotten theorems of Carnot brings to light the false 
premises upon which the law of the conservation of energy' was founded. 
Vet wc must not forget that this law wn.s the foundation upon which our 
knowledge of energy’ metabolism was based, which today has made it possible 
for war leaders to calculate the energj’ requirements of the soldiers in terms 
as accurate as those used to determine the gallons of gasoline demanded by the 
engines which drive the machines of modern warfare. 

Although there might be few people who can read evco" essay critically, 
there is no question but that cvciy'onc can find in this volume a number or 
c.'^says worthy of close attention. J* 


.\llbrgv, Anaphybaxis and Immunotherapy. B^ic Principles and Practi^- 
Bv Bret Ratner, M.D., Clinical Professor of Pediatrics, 
versitv College of Medicine; Visiting Pediatrician and Director of Pediatnc., 
Scr^^Vv Hospital, etc. Pp. 824; 88 illus.; 56 tables Baltimore, Md.. 
The Williams and Wilkins Company, 1943. Pnee, SS.oO. . 

Trfrf is no phase of clinical medicine now untouched by the ever waenmg 
field of nllerS at one time or another. Modem treatment of infectious dis- 
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noffK ni;\iK\vs and noticks 


Of ht.wtvm: 'rtiDATMKXT, JJy EDWAni) L. C’omi>k«e, 

Nf)rthwc.-=tcm UniverMty 

MNiiciii N-lioul; ( hainnait, Eqcirttiiont of OrlliopuKiic Stirgciy, Wcslev 
Ah'iimrjnl OrUiojmlic Hur^coii, Chicajiro Afeniorial 

llospitnl; ana SA^| \\ Hanks, M.l)., As.^ociato in Btirgon% Kortinvestcni 
I invnr.-ity Att^rnfirn: ()rtho|mlic Sur^oon, Chimgo Mcmo- 

nnt llo^piuil. Pp, rni; 171 {k<, dnVaRo: Vrnr Hook Publishers, 1943. 
Prim, 

Tin: enlin* fioW of fnwturr trontnwnt is covered in an cxccedifi/rly brief/ 
ter^e, und pithy style, (’ontrover.'^ial points are strictly avoided, and only one 
iiiettuKl fd treatment is described for each tyj>e of fracture. An alnindance of 
Muall, lucid, strnji’ld-to-tbf^-jMunt dra ninths ain! roei)t^'enographs assist in 
inakiim small volume u^efuI to the Kcneral practitioner who is forced hv 
mye^-^ity of [(Ration to treat fracture's, and wlu) often is ohliped to learn the 
'‘>imple fa(‘f‘'** in some haste. M. F 


Packus }'*Ko\f rni: SKro.vti AMKm(*AN CVi.vortKss o.v (IfiNKUAn Skmant/cs. 

Xon-Ari^totedian M<*thodo!(>;:y (Applied) for Sanity in Our Time. Com- 
piled and hMi(e<i by M. Kknouk Pp. oSl. Chicaf^o: Institute of General 

Semantics, HM.'C Prie^*, .?o.(Kh 

Sfsa: the public.ntjori in 19.33 of Alfred KorzybsktV *\Science and Sanity: 
An Itdroduction to Xon-Aristotelinn Systems ami General Semantics/’ which 
may be taken as launching: the Semantics movement, this discipline has made 
steady if not consi)ieu(>us })roj:n'ss. 3*he founding of the Institute of General 
Semantics in C’lucago in 1938 and a General Congress has now been foiIo\Yed 
by the Second Aiiicrican Congress on the suhjeet in July 1943; under the 
Presidency of Franklin Khamrh, M.D., of the University of tolorado. 

This stout voltime ineltides over SO papers dividerl into 2 books. The first 
ami shorter, which deals with Xon-Aristotelian Orientations and the Method- 
ology with Hehitct! Subjects, presents, in/rr o/fo, a historic^al introduction by 
O. L. Reiser and general discussions by Kor/yijski and Adolf Meyer. The 
re.adcr who is not fanniiar with the theory* and iorminolog}’ of General Seman- 
tics will fimi them Ijriefly explained in Kor;!yi)skPs 17-page paper (p. 93). 

lengthier Hook 2, on Human Adjustment, is concerned with the newer 
approaches to such far-flung subjects as Neuropsychiatric Foundations, Medi- 
cal Education and Practice, Physiotherapy, Stuttering, Vision, Dental Caries, 
X\itritiou, Mental Hygiene, Marital Counseling, Pathology', beha\dorism and 
so on. One might reasonably question how closely such subjects arc related 
to Semantics and in fact e.xamination sliows that in many it cither plays a 
small ami unnecessaiy role or docs not api^ear at all, the topic thus being 
treated as it woidd he at any professional meeting— and some not too well 
treated at that. 

Semantics is hasicall}* concerned with language. The w’ord, coined b}** Br6al 
in 1897 from the Greek, ^'significnnC^ is used mostly in the sense of the mean- 
ing of words and their significance. One is not surprized, therefore, to find a 
mnni)er of paj)crs on such topics as language, public speaking, movies, journal- 
ism, teaching of English, aiul so on. It is in such fields that Semantics can 
first bring i>ractical results. Old Aristotle as usual comes in for some hard 
knocks mostl}’ undeserved; but he do\ihtless can take these and is glad to do 
so if knowledge is advanced thereby. Better knowledge of tlie true meanings 
of words and t heir significances, added to a conscientious use of this knowledge, 
would remove much unneccssaiy^ confusion in scientific and other discussions, 
7 nnch of the illcgitunatc and hannful effects of propaganda, advertising, 
broadcasting, and other evils peculiar to the present da5^ Shakespeare s 
inenifluous response to his own quciy^ WhaPs in a name?'' (a ‘pu^ 
ticism incidentallv) is much less valid than Socrates a.xiom: I 
objection to your ‘giving names any significance that you please if you xsiH 

^^"Seilimirie^s^ ^ subject that deals in many abstractions and 
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tends to attract theorists and those who deal in or fall for “hot air, the pilots 
and well-wishers of the movement would do well to see that its more vocal 
followers keep their feet on the ground as well as Nature perrnits and that 
those wanting to ride on the bandwagon are not permitted to twist a valuable 
concept unsemantically to suit their selfish purposes. E. K. 


Diagnosis of Uterine Cancer by the Vaginal Smear. By George N. 
Papanicolaou, M.D., Ph.D., Department of Anatomy, Cornell University 
Medical College, New York; and Herbert F. Trout, M.D., Department 
of Obstetrics and Gynecology, Cornell University Medical College and the 
New York Hospital. Pp. 46; 11 colored plates. New York: The Com- 
monwealth Fund, 1943. Price, $5.00. 

In this monograph are embodied the results of routine vaginal smear exami- 
nations from 3014 women, most of whom were in the cancer-bearing age. It 
entails “probably between 7000 and 10,000” smears. Of the 179 patients 
found to have primary cancer of the uterus, 127 were from the cervix and 
53 from the fundus. Of the 127 cervical lesions, failure to detect the malig- 
nant cells in the smears occurred 4 times; in the 53 fundic lesions it occurred 
7 times. An analysis of these failures revealed that most cases were either 
post-irradiational or were patients with adenoma malignum. In several 
instances the authors suspected malignant disease before one or more biopsies 
confirmed it. The authors emphasize that the vaginal smear method is not 
recommended as a means of ultimate diagnosis, but to be confirmed by biopsy, 
since the evaluation of individual cells is a much more difficult task than the 
recognition of cancer in tissue preparations. In view of the surprisingly high 
accuracy of diagnoses of these men, the ease of obtaining smears and the 
relatively simple technical procedure combine to form a seemingly valuable 
diagnostic as well as follow-up method for the gynecologist and pathologist. 
It is also apparent that the use of this method is of value only in the hands of 
those thoroughly familiar and experienced in cytologic detail in isolated and 
clumped cells arising from an area so richly endowed with varying cell types. 
The text is devoted largely to describing the types of cells found in vaginal 
smears under various physiologic and pathologic conditions, and these are 
illustrated by excellent colored camera lucida drawings and microphotographs. 

M. T. 


Borderlands of Psychiatry. By Stanley Cobb, M.D., Bullard Professor 
of Neuropathology, Harvard Medical School; Psychiatrist in Chief, Massa- 
chusetts General Hospital. Pp. 166; 27 figs. Cambridge, Mass. : Harvard 
University Press, 1943. Price, S2.50. 

In this Fourth Harvard University Monograph in Medicine and Public 
Health, the author is concerned with a somewhat neglected 6^ million persons 
who are partially incapacitated. The chapter on “Body and Mind” with 
its 5 case histories shows the fallacy of the terms functional or organic, mental 
or physical, since “every sjTnptom is both functional and organic.” In the 
section on "Parallel Evolution of Speech, Vision and Intellect,” it is asserted 
that at birth both cerebral hemispheres appear equipotential, but through 
inheritance the learning process tends to be unilateral; through the special 
senses sjnnbolic meanings develop and these are correlated into language. 
_ Speech and Language Defects” show that the former is probably “the most 
integrated and sensitive of the human functions. ... it normally and abnor- 
mally IS affected by many stimuli.” Accordingly, the collaboration of different 
^leciahsts is required to solve the problem of stammering. “ Functions of the 
iTontal ArCvV’ suggest the undesirabilitj' of remoiing a portion of the brain, 
ttiercby rendering “the patient lazy and indiscriminatiiig .... in order to 
make toe patimt happier.” “The Anatomical Ba.sis of Emotions” speaks 
Of the hypothalamus not as a “center of emotion” of feeling, but as “a motor 
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\V!iy*Mfitii)ii wlicrc cinotion h inlcpnitcd into Ijclmvior patterns But 

(Miuition mny “tab* plact* in a nnliniontanMvav in tlio tlmlamus of man, and 
in a inurli morn (iis<Tiininativo way in tlu; corol)ral cortex/' In “Conscious- 
iuvn, the Varying dejith^-* of sle(?|) are studied throu;;h elect ro;rrains. I>evcls 
of wakcfnlncss ran^e from mania to stuiior. It is supKcsted that later, con- 
scinusness may Im» dt^'^^’rihed in tenns of elect rotonie activity. Conceminp 
“Fits/' the functional ahnormahties of cpilejisy are described as “(/) changes 
in i//r/rnv// jfotmtuils a,s yren in thr fhctra-vncrphfilogrmn; {2) changes vi coj}- 
Fcwusnvsy; (o') nrrron.^ iUscJuirge \utn svwoih muscle^ striated muscle, or glands, 
cauring inraluntan/ risrtral or junior behavior."' Psych on eurosis admittecily is 
a dinirult condition to define anti mea^'Ure. It has l)cen described as “a per- 
sonality disonler st‘Vere enmmli to cause the patient to seek medical adnee 
<»r he advised to seek liidp/* Tiiere ar(^ (*stimatcd to ho 2,000,000 psycho- 
neurotics in tin* country. '* PsA'cliosomatics'’ is a new tenn hut not a new 
condition. In 1007, Kreihicli, a (lennan, reportt^l the induction of a blister 
on the skin throuch hyf)noi«is. More extensive lesions have been induced and 
it is ar)rut‘<l that such plitaiomena may probably occur in tissues less accessible 
to scrutiny. These disortlers are saiti to he concerned largely with emotions, 
foldings, autmiomic neurology, and ndated medical s\inptoins, including 
hysteria. 

Thougli a hook i»f such mi.-cidlaneous contents is one of essays rather than a 
monogrnnh, witli rare discrimination and skill, the author has jiainstakingly 
presenteii much illumin.ating mat(’rial. X. Y. 


CnF.MK'Ai. Siuumioscoi’Y. By WAUacr. B. Buonn, Professor of Chemistry’, 
Ohio State University. Second Ed. Pp. ()77; I colored jilatc; numerous 
illus., si)ectrum tables and charts. Xew York: Jolin Wilcv Sons, Inc., 
10 Jo. Price, .S7.o0. 

Tnis edition of Brodi/s text follows the general i)lan of the first edition. 
Revision, except for the inclusion of sjiectrum tables with relative intensities of 
lines based u])oii the data of C5. R. Harrison (M, I. T,), has not been extensive. 

The text is well written, and provides a readable, useful summary of infor- 
mation upon various tyjics of .spectroscopic cf|uijnncnt. The spectrum tables 
and charts, wisely relegated to a separate section of tlie book, will he useful for 
reference. 

The work is intended for the chemist and chemical student wlio desire to 
use spectroscopy ns an analytical tool. While absorption sjioctra arc perhaps 
adequately treated, this phase of the subject could have been somewhat ex- 
panded to render the hook more useful to students of medicine and biolog}'. 

The general excellence of the text is such that the Reviewer regrets that 
such factoi*s as “errors" and “limitations" of tcclmique have not been ade- 
quately treated. From the standi)oint of the student, it might have been 
prcferaldc also to present in more critical detail the use of a small number of 
representative instruments, rather than to furnish a general account (as the 
author has done) of a large variety of equipment. 

Tins text is recommended as a worthwhile work whicli provides a pano- 
ramic view of the field it covers. D* 


The Bov Sex Offexdeu akd His Later Career. By Louis J . Doshay, M-D., 
P.svchiatrist, Children's Courts, New Y^ork City; Fonnerly Senior Assistant 
Physician, IMnnlmttan State Hospital, New Y^ork and Assistant Specialis 
n Ncuropsychiato', U. S. Veterans Hospital, New. York. Foreword Jo 
George W. Henry, M.D. Pp. 20G; 40 tables, 12 diagrams. New loik. 
Grime & Stratton, Inc., 1943. Price, S3.50. 

Not knowing of any similar work, the author has sought to detennine ijat 
hearing sexual delinquencies of hoys ranging from 7 to IG years, has had iipo 
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their lives between the ages of 16 and 28. Feebleminded boys and all girls 
were excluded. While boys commit many non-sexual offenses, those of girls 
are usually sexual— “a different set of motivations and dynamics is involved.” 
Two important groups were considered: those showing sexual offenses exclu- 
sively, and those delinquent in a mixed sense— thieveiy, truancy, etc., included. 
The commonest offenses were: “ lewdness, voyeurism, excessive masturbation, 
exhibitism, fornication, assault, incest, active and passive perverted practices 
with juveniles or adults of the same sex.” In the total of 256 subjects, delin- 
quencies were shown as not due to disparity in ages of the parents. The find- 
ing of only 4% with glandular defects shows the fallacj’' in believing endocrine 
dysfunction a contributor to much criminality. Except for incest with sisters, 
“so-called good boys commit just as many violent sexual offenses as the con- 
firmed delinquent, indicating that forecast and treatment ought not rest on 
the sex offense alone.” Orthodox psychoanalysis is interdicted since “the 
long-drawn-out procedure and the inevitable emphasis on the original sex 
offense, is diametrically opposite to the needs of the case.” Given appropriate 
court and clinic treatment, it is believed these delinquents tend to be cured 
automatically. This valuable and stimulating study includes much statistical 
matter. N. Y. 


The Role of Nutritional Deficiency in Nervous .a.ni) Mental Disease. 

Vol. XXII. Proceedings of the Association, Dec. 19 and 20, 1941, New 

York. Editorial Board: Stanley Cobb, M.D., Chainnan; Edvun F. 

Gildba, M.D., Harry M. Zijimerjian, M.D. Pp. 215; 23 illus., 8 tables. 

Baltimore: Williams & Wilkins Company, 1943. Price, 84.00. 

This most recent volume in the series annually issued by the Association 
for Research in Nervous and Mental Disease is considerably reduced in size, 
unquestionably due to the turning of the medical profession to problems of war. 
The contributions are dmded into those from the fundamental sciences and 
those from clinical research. 

Among the foimer is a concise review of the relationship of enzjnnes to 
nutritional deficiencies by C. A. Elvehjem. It is, of necessity rather technical, 
but sufficiently clear and elementary to plot the course this field has traversed 
in research, and to give the direction for further progress. H. E. Himwich 
presents the biochemical advances of recent years in the relationship of thiamin 
and nicotinic acid to cerebral metabolism. The pathologj' of the litamin B 
group deficiencies by H. M. Zimmeiman prowdes the high water mark of this 
volume. The material for this remew is largely Dr. Zimmerman's personal 
work, and this sjanposium provided an opportunity to summarize, correlate 
and evaluate the pathologic changes of vitamin B grou}) deficiencies as found 
in man with the changes produced exiierimentally in animals. A most infonna- 
th’c review of the effects of mtamin E deprivation in various laboratory animals 
is presented by A. iSI. Pappenheimer. Other articles in the first portion of the 
volume arc by Dr. Cow|;ill (principles of research in nutrition); Drs. Wolbach 
and HessQy (the mechanical relationship of vitamin A deficiency and the cen- 
tral nervous system in the immature animal); Fcrrebee, Weissman, Parker 
and Owen (thiamin content of human tissue). 

Outstanding contributions of clinical research are by Wilder and by Sjiies, 
Bradley, Rosenbaum and Knott, emphasizing the psychologic disturbances 
resulting from thiamin deficiency. These controlled studies demonstrate that 
the earliest emdenecs of thiamin deficiency arc in the emotional sphere and 
that mental disturbances in pellagrous patients should be considered as prob- 
ably ])artially composed of a thiamin deficient element and not completely 
attributed to niacin deficiency. A review of the mental and neurologic aspects 
of thiamin, niacin and pyridoxinc deficiencies by W. H. Scbrell rounds out this 
phase of the problem, 

In_a rexnew of multiple neuritis, M. B. Streuss again points out that thiamin 
deficiency is prob.ably not the only factor in polyneuritic changes, and nutri- 
tion.nl polyneuritis should be treated by other nutrition.nl factors as well as 
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With tliimnirK Otlicr inultiplo nourltirlrs ;ire flisc!i«sefl nud difTcrcntintccl from 
luitntionnl polyneuritis, Other clinical contributions include an article on 
pvy(diiarn(» syrnlnarns vau^vd hy nu(riti{)nal deficiency by Bowman and 
nortis, which conipr(*hen(is a discussion of deloriurn tremens^ KorsnkolT'fi 
syndrome and \\ (‘rnicke s di>(*ase. ]Cvi<lence is presented from blood pyruvate 
studies that the latter is dc’rjnitely associated with (hianiin dcficiencx". 

In spite of tluve many important conlrilmtions, however, this volume is not 
up to (lie previous standards of (he SViciety, If. S. 


Aiu-nouNK ]Nn:eTioN\ By Dwhuit O’ILmia, M.D., Professor of Preventive 
Aledicine, Tufts (’olle^'o Medical l^choo!; ^'isitinp Pliysicinn, Boston City 
Hos]>ilaI; Physiciau-in-C'hief, Waltham Hos))ital. Pp. IM; several charts 
and (allies. Xew York: l*he (*ommonwenI(h Fund, J9-13. Price, ShoO. 

^ Tin; author unveils an interesting^ sketch of tlic proldem of air-borne infec- 
tions as se(‘n^ through the eyes of a student of jireventive medicine. Wliilc 
not entirely iimorinc the contact role of infection, Dr. O’lfara merely side- 
steps the issue for he is interested mainly in the nir-bornc phases of such 
diseases as .^^nallpox, diphtheria, (he coinmon cold, pneumonia, streptococcus 
infections, (uhercuJo.ds and others. 

Since 1000 there has been a definite decrease in the mortality rates of such 
diseases. I'he author a t tern [its to jirobc out the causes and presents his observa- 
tions on the doelinc of air-borne infection. 

AinoriK his conclusions he states that the greatest contribution in the im- 
provement of our respiratory hcaltli between 1918-1938 has been made by the 
hygienists and sanitarians in what lie describes as a better living standard.” 
The author <loes not give entire credit to them, however, for lie also discusses 
Uic role of accepted preventive measures, immunization, decreased virulence, 
advanced therapeutic mc.asurcs, strengthened resistance and reduced concen- 
tration of atmos]>hcric infection, ns well as the isolation of infecting sources. 
Each and all liavc had a part in the rapid decrease of air-borne infections. 

TJiis book could be read to great advantage by cverj’ practitioncrand public 
health officer, for it contains good discussions and observations of the truths 
underlying the decline of air-borne infections. F. E. 


IMedicad Clinics of North Ameuica. S^miposium on Pliysical^ Tlierap3% 
^fayo Clinic Number, Julj' 1913. P/). 317; many illus. Philadelphia: 
W. B. Saunders Company. Price, year SJG.OO. 

Tins s>Tnposium includes 20 articles by members of the Staff of the !^Iayo 
Clinic and by medical officers of both services stationed there. The principles 
and techniques of phj^sical medicine applicable to arthritis, vascular diseases, 
poliomyelitis (the Kcnri}' treatment), backache and other problems are dis- 
cussed for both hospital and ambulatory patients. Simple methods and 
devices for home use arc stressed. The management of coinmon ivar disabiliti^ 
by physical and also occupational therapy are adcquatelj^ considered. This 
issue is to be recommended because a careful attempt has been made to evalu- 
ate and present the best of the current methods in this field of ever-grownng 
usefulness. 


The MicnoscoPE and Its Use. Frank J. Munoz, Technical Microscope 
Consultant; in Collaboration -with Dn. Harry A. Charipper, Professor of 
Biology, Now York University. Pp. 334; 122 figs. Brook^'n, lY. I- 
Chemical Publishing Company, Inc., 1943. Pnee, S2.o0. 

TiTr I'lnnk is nrceminently ^'popular,” and in effect consists of chapters wTiicn 
serw as introdSon^ to the microscope (and its many accessories such as 
h^hting fixtures, mechanical stages, counting chambers, demonstration o 
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1 - K ^ '\rll-l)nlanr(^l rhn[>tors /ir>f ^kotrh hi *j') the course of the 
}Xi Mvihvii] Depart rnriit sioro 177o. Then follow descriptions of 

ihr^ ^o:ii Auurwiui MfKlionl fnstiOitions^' (the Annv Afedical Libran' 
nnd Its Index CataloKuo, the Anny Medical Mnsenrn, the Anny :McdicnI 
School); Antliropolo^^'; Ornithology; tlie Army spift toSurRen', and (he Reed 
mul Heanmont cliajiters, ('hanirin^^ ton c))rono)o;^ic aj)proac}i, the advances 
uurinp[ uiul iK‘twe<‘U four war periods are (h'serihed in as inanv cliapters, the 
two final rliapters disjx^^in/; of wirions niiscellaneons* items. 

As in any pood history, (he Roh^rence section is copious* and the Index 
jidfapiate. 

(Mlonel II\nno has amply proved his thesis that United States Anny medical 
otliccrs have nuule (Inar share of worthy coni riiiut ions to medical science. 
The medical profession as a whole slumhl certainly read this book and become 
better acajuainted witli the achievements of their Army Medical Department, 
wliile the thfinsands now on active service undoubtedly will want to know 
more about its <listinpuished past. * E. K. 


SvNov.siK or Tuoeic.vn Mkok i.vk. Ry Sin Pniur MANsox-B.\iin, C.M.G., 
D.S.O., M.I)., E.K.C.P., Senior Physiiaan t<j (ho Hospital for Tropical 
Diseases, Royal Albert Dock and Tilbury Hospitals; Consulting Physician 
in Tropical Diseases to the Dreadnonplit Seaman’s Hospital, London; 
Director, Division of Clinical Trojiical Medicine, London Scliool of Hygiene 
and Tropical Medicine; Consulting Physician to the Colonial Ofilce and 
C’rown Agents for the Colonies; Consultant in Tropical I\Iedicinc to the 
Admiralty and to the Royal Air Force; Lumician Lecturer, Royal College 
of Physicians, HI-II. Pp. 224; o plates, naltimorc; Williams ct Wilkins 
Company, lOLS. Price, $ 2 . 00 . 

Thk author of tliis book is the well-known authority on tropical medicine 
who has so successfully edited the many editions of “Manson^s Tropical 
I^iscascs.*^ The fc.xt seems to be a condensed vci*sion of the larger volunie, 
witli contents rearranged into what strikes this Renewer as a more logical 
setiiicnce. To accomplish this degree of condensation and still maintain 
reasonable comiilcteness, (fie autlior has resorted to telegraphic st 3 de, outlines 
and abbreviations wlicrcvor jiossiblc. The result is a pocket-size book con- 
taining the essential facts. It should have Avidc usefulness for man}' 3 *ears. 

H. R. 


Rkhaijiutation' of thk Wah IxjunKn. A S^anposium. Edited by William 
Brown Doherty, M.D., and Dagohert D. Runes, Ph.D. Pp. 6S4;many 
illiLS. New York: Philosoj)hicaI Librarv, Inc., 1043. Price, SIO.OO. 

The editors and publislicrs of this work have rendered an important ser\dce 
to the war effort bj^ assembling in one volmnc the writings of outstanding 
authoritie.s in inanj' fields on subjects pertaining to reliabilitation of militao' 
casualties. The main sections cover NciirologA^ and Ps^'chiatry, Reconstruc- 
tive and Plastic Surgery, Orthopedics, PIi 3 \siotherapj% Occupational Therapy 
and Vocational Guidance, and Legal Aspects of Rehabilitation. The principal 
usefulness of this book will be to infonn those engaged in planning for rehabili- 
tation as to what can be accomplished by specialists in the several fields ot 
medicine No book of this length and covering so many fields could be ad^ 
fiuate for the needs of the specialist Jiimself, but such is not the editors intent. 
The volume is specifically recommended to the personnel of the miiitaiy 
dcnartmeiits of the armed services, particularly those of policy-making rank, 
so^that they may judge for themselves as to the adequacy of the treatment 
‘hpimr nro^dded to war casualties for whom they are responsible. 

One^half of the 54 articles are pro\nded with bibliographies 
nleteness It is regrettable that the authors were not all required to pro'^de 

greatly enhanced. 
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Dictionahy of Biochemistry and Related Subjects. Editor-in-Cbief, 
William Marias Malisopf, Professor of Bio-Chemistry at the Polytechnic 
Institute of Brooklyn. Pp. 579. New York: Philosophical Library, Inc., 
1943. Price, S7.50. 

The Editor-in-Chief explains that “The dictionary contains a great deal of 
glossary material, and also a great deal of fairly lengthy authoritative discus- 
sion. It tried to maintain a balance between obsolescent, established and 
newly explored material. It is designed for readers of biochemical literature 
who might want the definition of terms used more than a decade ago as well 
as of teiTns just coined.” 

Forty-six collaborators have aided in compiling approximately 10,000 defi- 
nitions of biochemical terms. Some 50 items receive from 1 to 17 pages of 
authoritative discussion— thus accounting for approximately one-half of the 
volume. Many of the articles are well documented with references. 

Relatively few errors have been found, though some definitions appear 
inadequate. Some quotations have not been given with their proper content. 

The Editor should be congratulated upon this attempt in designing a dic- 
tionary in this field. It should be very useful to the student of “ biochemistiy ” 
and to workers in related fields. H. V. 


Medico-legal Blood Group Determination. Theory, Technique, Prac- 
• tice. By David Harley, M.D., B.Sc., F.I.C., The Laboratories of the 
Inoculation Department, St. Mary’s Hospital, London. Pp. 119; 13 figs.; 
23 tables. London: William Heinemann. Distributors in IJ. S. A., 
Grune & Stratton, Inc., New York, 1943. Price, 12s 6d. 

The application of Blood Group determinations to forensic medicine con- 
stitutes an advance in scientific legal investigation. The lag in the acceptance 
by the courts in this country of blood group determinations as admissible 
evidence, and the lack of legislation authorizing the court to order such exam- 
inations make it particularly important that every possible means of spreading 
infonnation on the subject among both legal and medical practitioners of all 
kinds be available. In this respect, we are far behind the medico-legal practice 
of many countries on the Continent, Russia and Japan. 

In this volume, the theory of blood groups, their hereditary character, 
techniques for their determination in blood, and in stains of blood, saliA’’a and 
semen, are discussed in detail. The possibilities and the limitations of the 
evidence to be obtained from such examinations are presented. 

A number of cases are cited to demonstrate how evidence may be obtained 
from the examination of blood and of stains of various kinds. Such sections 
on the need for the test in the civil courts in the determination of non-paternity 
is excellent. E. W. 


An Introduction to Sociology and Social Problems. By Deborah 
MacLurg Jensen, Instructor in Sociology and Social Problems at the 
Schools of Nursing of St. Louis City Hospital and St. Luke’s Hospital; 
Lecturer in Nursing Education, Washington University. Second ed. 
Pp. 420; 78 figs. St. Louis: C. Y. Mosbj’^ Compan 3 % 1943. Price, S3.25. 
Limited in scope to the needs of the student nurse, Mrs. Jensen’s text- 
book introduces the more elementary concepts of sociologj' and presents social 
problems that the nurse is likelj’’ to encounter in our immediate culture. 

_ The text_ has been arranged to coincide accurateh’ with suggestions given 
ni the CurncMiuvi Guide for Schools of Nursing and has been revised to include 
soda! changes that may arise from the present war. Written with clarity 
and insight , it is keyed to the gait of the average nursing school student. Help- 
ful features are arresting picture graphs, widely chosen bibliographies, and 
thought provoking questions for discussion at the end of each chapter. 

it IS the Roiiewer's opinion that siqiplemented with references as suggested 
this would make an exceptionally good nursing text in sociology. H. F. 
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Hop’TOKNCHHurnic JKciiNrQUK, liy Damon* A. Rhinehaht, A.M., IvLD., 
I/ofcssor of Rocntjronolo;:}* and Applied Anatomy, School of 
Mrdicjno, bnivon^ity of Arkansas; Rocntp:cnolop;ist to St. Vincent's Infirm- 
ary, Misso\iri Pacific Hospital, and (he Arkansas Children's Hospital, Little 

Philadelphia; Lca&Febiger, 

1 ms text is filling an important field in radiolog>\ Diagnostic radiology* is 
undergoing many improvoinenis and the author, through liis revisions, has 
kept his text up to date and, therefore, keeps his readers infonned. In this 
new edition, the autlior has revised the text thoroughly in the fields where there 
have been advances in roentgcnographic technique. The paper is good, 
llie print is easy to read, and the illustrations are excellent; throughout, the 
author has used negative illustrations. This is very important because many 
teclmieians have difficulty in transposing jmsitive illustrations to what they 
see on the roentgenograms. 7'hc hook should ))e irj every department where 
radiolog}' is done. " E. P. 

Injuiuks ok Skull, Ruain* and Simkal Conn. Edited by Samuel Brock, 
M.D., New York University. Second cd. Pp. 01 0; 7S figs. Baltimore: 
Williams Sc Wilkirjs Company, 1013. Price, S7.00. 

TifLs symposium o;i injuries to the central jjervous system edited by Dr. 
Brock contains relatively few changes from the first edition. jMany chapters 
have been rewritten hut little material lias been added. 

The precise details on the methods of administration and the ])lace of sulfon- 
amides in cases of open crariiai trauma even now is not fully agreed upon; 
nevertheless, the data introduced into this new edition, on this most important 
subject, appears to be inadequate. 

Tlie outstanding difTcrcnco from tlic first edition is the inclusion of a chapter 
on the — — ... cases of head trauma by Paul F. A. Hoefer. 

This ch'.;.'- ■ observations both clectrocncephalographically 

and clinical!}' on a large series of cases, presented in the fonn of many tabl^. 
The place and value of electroencephalography in cranial trauma however is 
not clearly presented. The article has more of the tone of a statistical report 
in a journal publication than a chapter in a text or reference volume. 

An adequate discussion on the controvci-sial subject of the treatment of 
closed cranial trauma is still lacking in this new edition. Certainly this subject 
deserves fuller consideration of the rationales guiding tlie many opposing 
views on therapy. Unfortunately the chapter on concussion and contusion of 
the brain was not revised and a consideration of the important work of Denny- 
Brown and Russell on the place of acceleration in the physiolog}' of cerebral 
trauma—a milestone in this field— failed to be included. 

This book remains, despite the above criticisms, the best on the subject 
and continues to be invaluable to the profession in the understanding ana 
handling of central nervous system injuries, both medically and legally. 


NEW BOOKS 

lluncal Diagyiosis by Lohoratory Examinations, By John A. Kolmer, M.S., 
M.D., Dn.P.H., Sc.D., LL.D., L.H.D., F.A.C.P., Professor of Medicine m 
the School of Medicine and tlie School of Dentistr}^ of Teinj^e Umyer^ } , 
Director of the Research Jnstitute of Cutaneous Medicine; “ 

lessor of Patholog}^ and Bacteriolog}' in the Graduate School i 

of the University of Pennsylvania. Pp. 1239; 7o figs loik and 

London: D. Appleton-Centiir}^ Company, Inc., 1943. Puce, vS.O^ 
n/us Exanihematico, Etiologia-Clinica-Profilaxis. a' 

&VERO and Dr. F. Perez Gallardo Prdlogo del 
Pauvnca. Grdficas Afrodisio Aguado, S. A.— Bravo jMuullo, 3 

1941. 
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BaTotficivic Pressure. Researches in Experimental Physiology. By Paul 

■ Bert. Translated from the French by Mary Alice Hitchcock, M.A., 
Formerly Professor of Romance Languages at the University of Akron; and 
Fred A. Hitchcock, Ph.D., Associate Professor of Physiology at The Ohio 
State University. Pp. 1055; 23 tables; 89 figs. Columbus, Ohio: College 
Book Company, 1943. Price, $12.00. 

A Clinical and Experimental Investigation of the Blood Cholesterol Content in 
Myxoedema and Other Conditions. By E. H. Stokes, M.B., Ch.M. (Syd- 
ney), F.R.A.C.P., Senior Honorary Assistant Physician, Sydney Hospital; 
Tutor and Honorary Lecturer in Medicine, University of Sydney. Accepted 
as a thesis for admission to the degree of Doctor of Medicine in the Uni- 
versity of Sydney. Pp. 121 ; 13 figs.; 12 tables. Sydney, Australia: Austra- 
lasian Medical Publishing Company, Ltd., 1941. No price given. 

Biomicroscopy of the Eye. Slit Lamp Microscopy of the Living Eye, Vol. 1, 
By M. L. Berliner, M.D., Assistant Professor of Clinical Surgery (Oph- 
thalmology), Cornell University Medical College; Associate Attending 
Surgeon, New York Hospital; Assistant Surgeon, New York Eye and Ear 
Infirmary; Instructor in Biomicroscopy, Post-Graduate School, New York 
Eye and Ear Infirmary; Senior Associate Attending Ophthalmologist, Beth 
Israel Hospital, New York. Pp. 709; 512 illus. (40 pages color plates). 
New York and London: Paul B. Hoeber, Inc., Medical Book Department 
of Harper & Brothers, 1943. Price, $17.50. 

Investigacion del Virus Tifoexanthemdtico en las Ratas de Espana. By Dr. G. 
Clavero and F. Perez Gallardo. Publicaciones de la Revista de Sanidad 
e Higiene Publica. May, 1943. Madrid. 

La Prueba Intradermica de Giroud en la Infecdon Tifoexanthemdtica. By G. 
Clavero and F. Perez GalIjArdo. Publicaciones de la Revista de Sanidad 
e Higiene Publica. December, 1942. Madrid. 

Finger Prints, Palms and Soles. An Introduction to Dermatoglyphics. By 
Harold Cummins, Ph.D., Professor of Microscopic Anatomy, TulaneUni- 
versitj'-, School of Medicine; and Cha.rles Midlo, M.D., Associate Profes- 
sor of Microscopic Anatomy, Tulane University (Formerly Assistant Profes- 
sor of Anatomy, Louisiana State University). Pp. 309; 149 illus. Phila- 
delphia; Blakiston Company, 1943. Price, $4.00. 

Biological Symposia. Edited by Jaques Cattell, Editor of “The American 
Naturalist” and “American Men of Science.” Vol. X. Frontiers in 
Cytochemistry. Pp. 334; several figs. Lancaster, Pa.; The Jaques Cat- 
tell Press, 1943. Price, $3.50. 


The Biochemistry of Malignant Txanors. By Kurt Stern, M.D., Formerly 
Research Associate of the University of Vienna, New York City; and 
Robert Willheiji, M.D., Professor, University of Philippines, Manila. 
Pp. 951. Brooklyn, N. Y.: Reference Press, 1943. Price, $12.00. 


Urological Diseases of Pregnancy. By E. Granville Crabtree, M.D., 
Urologist to the Boston Lying-In Hospital, With a signed chapter by 
George C. Pilvther, M.D., Assistant Urologist to the Boston L3dng-In 
Hospital. Pp. 472; 158 figs., several in color. Baltimore: The Williams 
& Wilkins Company, 1942. Price, $5.00. 

Electronic Interpretations of Organic Chemistry. Bj' A. Edward Remick, 
Ph.D., Assistant Professor of Chemistiw, Wajme University, Detroit 
I p. 474. New York: John Wiley & Sons, Inc., 1943. Price, $4.50. 

V'orld. ^An Autobiograph}\ Bj' Max Thorek, hl.D. Pp. 410. 
1 hiladelphia and New York: J. B. Lippincott Companj^, 1943. Price, $3.75. 

Physiological Psychology. By Cufford T. Morgan, Associate in Ps5'cholog\^ 
ihe Johns^ Hopkins University; Foimerly Faculty Instructor in Psycholoa^’’ 
Harvard Lmversity. Pp. 023; 176 figs. New Ymk and London : AIcGraw- 
Hill Book Companv, Inc., 1943. Price, 84.00. 
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NEW EDITIONS 

Aft htlrodurlion to Clinical Pcnmctnj, By II. M. TruouAift, M.D., F.R.C.S. 
(Ed,), 0/)liUmlmir Surpeori, l?oyal Infinnnrj', and Chalmers * Hospital* 
E(linlnir#;lj; Ornlist to the Edinhur^ch Municipal Hospital; lecturer on 
Diseases of the Eyt», E(linl)urp:h University. With a Foreword bv Norsmx 
M, Doit, M.D., Cn.B., F.U.C.S. (En.). Fourth eel. Pp. 332;* 245 illus., 
3 e()h)red plates. ^ Ix>nfIon: Ilenr}' Kimi)ton, 2(3 Bloomsbury Way, W. C. 1, 
1042. Price, .Sli.oO, (See review in tliis issue.) 

/ ntrodur/ion to Phjiiiological and Pathological ChemiMry, By L. Eakle Arnow, 
l'ii.(t., B.S., Pir.D., Al.Ii., MJ')., Director of Biochemical Hcsearch, Medi- 
eal-Roseareh J^ivision, Sliarp A' I)oIiine, Inc., Glenoldcn, Pa.; Professor of 
(^hemistry, Bryn Mawr Colle^^e Summer School of Nursing, 1941-13; 
1‘onuerly Assist atit Professor of Physiological Chemistiy, University of 
Minnesota Medical School, and I.octurcr in I Physiological Chemisto' to 
Students enrolled in the University of Minnesota School of Nursing, Min- 
neapolis. Intro(juction by Kathari.ve J, De.vsford, B.A., M.A., R.N., 
Director of the School of Nursing and Professor of Nursing, University of 
Minnesota. Second e<l. Pp. 574; 142 figs, 31 tables. St. Ix)uis: "fhe 
C. W Mosby Comparn', JfM3. JPrice, .?3.75. 

Urine and Urinalym\ By Louis Gershe.vfeed, J^.D., Pii.M., D.Sc., Profes- 
.«or of Bacteriology' and Itygiene and Director of the Bacteriological and 
Clinical Chemistry' Laboratories at the Philadelphia College of Pharmacy' 
and Science. Second ed, J’p. 304; 42 figs. Philadelphia: Lea & Febiger, 
1943. Price, S3.25. 


Personal and Community Health, By C. E. Turner, A.IM., Sc.D., Dr.P.H., 
Profe.^sor of Public Health in the Massachusetts Institute of Technology^; 
Fonnerly A.^^sociatc JProfcs.sor of Hygiene in the Tufts College i\Iedical and 
Dental Schools; Sometime Member of the Administrative Board in the 
School of Public JlcaJtli of Harvard University and the Massachusetts 
Institute of Technology'. Sey'cnth cd. Pj). 5S5; many figs., 4 colored 
plates. St. Louis: The C. Mosby Company, 1943. Price, 83.50. 

.4 Textbook of Medicine. Edited by Russeee L. Cecil, A.B., Sc.D., 
Professor of Clinical Medicine, Cornell University Medical College; Attend- 
ing Physician, New York Hospital; Visiting Physician, Bellevue Hospital, 
Neyv York City. A.ssociatc Editor for Diseases of the N’ery'ous Sy'stein;" 
and Foster IOcnnedy, M.D., F.R.S.E., Professor of Clinical Neurology, 
Cornell Uniy'ersity Medical College; Attending Physician, New York Hospi- 
tal; Visiting Physician in Charge, Neurological Seryice, Belleyme Hospital; 
Consulting Physician, New York Neurological Institute. Si.vth ed. 
Pp. 15C6; 193 figs. PJiiladclphia and London: W. B, Saunders Company, 
1943. Price, 89.50. 


Textbook of Physiology. By WiLLiA.yr D. Zoethout, Ph.D., Professor of 
Physiology^ in the Chicago College of Dental Surgery' (Loyola University); 
and W. W. Tuttle, Ph.D., Professor of Phy'siologj'', College of Medicine, 
State University of loyva. Eighth ed. Pp. 728; 308 te.vt illus., 3 color 
plates. St. Louis: Tlie C. Y. Mosby' Company', 1943. Price, 84.75. 

This book is sufficiently in demand to appear in new editions every few yeaw 
consequently its form shows a gradual progress without violent changes. In tUis 
edition some changes have been made in presentation and many of the fibres 
have been redrawn. Some of the newer knowledge is incorporated but the scope 
of tlio book, which is yvritten for students with little background, does notjusfiD 
the use of such material on a large scale. ti. n. 

China’s Health Problems. By Szexiing Sze, General Secretarj^ Chinee 
Medical Association, Editor, Chinese i^ydical Journal. 
ton, D. C.: Chinese Medical Association (P. 0. Box 6096), 1943. ruce, 

SL(10. ’ 



BOOK REVIEWS AND NOTICES 


821 


Quanlilalim Pharmaceutical Chemistry. Containing Theory and Practice of 
Quantitative Analysis Applied to Pharmacy. By Glenn L. Jenkins, Ph.D., 
Professor of Pharmaceutical Chemistry, College of Pharmacy, University of 
Minnesota; and Andrew G. DuMez, Ph.D., Professor of Pharmacy and 
Dean of the School of Pharmacy, University of Maryland. Second ed., 
6th impression. Pp. 466; 67 figs.; 69 tables. New York and London: 
McGraw-Hill Book Company, Inc., 1937. 


CORRECTIONS 

In the June 1943 issue of this Journal, the article by Dr. C. P. Rhoads, 
C.T., Klopp and J. C. Abels entitled “The Relationship Between Riboflavin 
Intake and Thiamin Excretion in Man,” should have had as its title— “The 
Relationship Between Thiamin Intake and Riboflavin Excretion in Man.” 

In the article on The Present Status of Contrast Myelography in the section 
“Radiology under the direction of Harry M. Weber, M.D., and David G. 
Pugh, M.D.,” appearing in November issue, the author was wrongly given in 
the authors’ manuscript as Dr. Weber instead of Dr. Pugh. 


NOTICE AND INSTEUCTIONS TO CONTRIBUTORS 

Manusckipts intended for publication in the American Journal of the Medical 
Sciences, and correspondence, should be sent to the Editor, Dr. Edward B. Krtjmb- 
HAAR, School of Medicine, University of Pennsylvania, Philadelphia 4, Pa. Articles 
are accepted for publication in the American Journal of the Medical Sciences 
exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have typed captions 
bearing corresponding numbers. For identification they should also have the author’s 
name wi’itten on the margin or back. The recommendations of the American Medical 
Association Style Book should be followed. References should be numbered and at 
the end of tho articles, arranged alphabetically according to the name of the first author 
and should be complete, that is, author's name, journal, volume, page and year (in 
Arabic numbers) . 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we have changed the size of 
our type page for tho "duration” to effect an economy in the amount of paper used. 
While there is a smaller number of pages, the amount of material has not been noticeably 
reduced. 

Wo hope that any unpleasant effect produced bj^ cutting down the margins will be 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but we are loath to change any more 
than absolutely necessary, a format that has existed practically unchanged since the 
Journal began in 1S20. 

For the balance of the war, 150 reprints will be supplied gratis. Covers will be omitted 
on all articles. In ordering additional reprints, we will supply in multiples of 150. 
This modification is for the same reason as the change of format. c., conservation of 
paper. 


NOTICE TO SUBSCRIBERS AND ADVERTISERS 

Wc desire to secure several copies of the March and May 1943 
numbers of this Journal, in order to compb" with requests and 
need for replacements in long library "runs.” The wnv situation 
has made it impossible to print extra numbers to supply this 
demand. We would be verj" grateful to anyone who would return to 
tho Publishers any unmutilated copies of these numbers for which 
they have no further use. and wo would be glad to repay postage. 
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